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Abstract

The human protozoan parasitesshmania donovani andL. infantum are the causative agents of
visceral leishmaniasis, as such, responsible fpreamately 30,000 deaths annually. The available
chemotherapeutic treatments are reduced to a fagsdwhose effectiveness is limited by rising
drug resistance/therapeutic failure, and noxiode-sifects. Therefore, new therapeutic hits are
needed. Compounds displaying the imidazogideindole skeleton have shown antichagasic, anti-
HIV, antimalarial and anorectic activities. Hereg weport the leishmanicidal activity of thirty one
imidazo[2,1a]isoindol-5-0l derivatives on promastigotes andranellular amastigotes oL.
donovani. Eight out of thirty one assayed compounds shola@g) values ranging between 1 to 2
MM with selectivity indexes from 29 to 69 on infegt€HP-1 cells. Six compounds were selected
for further elucidation of their leishmanicidal nmamism. In this regard, compour®®, the
imidazoisoindolol with the highest activity on iatellular amastigotes, induced an early decrease
of intracellular ATP levels, as well as mitochomdilepolarization, together with a partial plasma
membrane destructuration, as assessed by transmiskctron microscopy. Consequently, the
inhibition of the energy metabolism @kishmania plays an important role in the leishmanicidal
mechanism of this compound, even when other addititargets cannot be ruled out. In all, the
results supported the inclusion of the imidazoidola scaffold for the development of new
leishmanicidal drugs.
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1. Introduction

Leishmaniasis is a group of diseases caused bypzwan parasites from over 20 speashe
genusLeshmania, transmitted to humans by the bite of infecteddEnphlebotomine sandflies. It

is considered as the third-most-common parasiBeatie after schistosomiasis and malaria on the
basis of its morbidity and disability-adjusted lifears (DALYSs) [1]. With an estimated 700,000 to

1 million new cases and some 26,000 to 65,000 deatiturring every year, leishmaniasis
continues to be a menace in a large number of dearworldwide [2]. From a clinical perspective,
leishmaniasis is grouped under three major fornhg. dutaneous leishmaniasis is its mildest form,
producing ulcers at the site of the bite; the mutaweous form courses with lymphatic migration
of Leishmania from the initial bite into mucosal tissues of tiesal, oral and throat cavities, leading
to destruction of the cartilaginous tissue. Newddhs, the most severe form of the disease is the
visceral leishmaniasis, causedl®yshmania donovani andL. infantum (also known a&. chagasi).

In VL the parasite infects mononuclear phagocytts d¢e liver, spleen and bone marroeausing

the visceral form of leishmaniasis (VL) or kalasgztatal in more than 95% of cases if left
untreated. It is characterized by irregular episodifever, weight loss, hepatosplenomegaly and
anaemia. VL is endemic in the Indian subcontinew Bast Africa; and it is estimated that between
50,000 and 90,000 new cases of VL occur in thedvevery year.

Treatment options for VL include the use of pentant antimonials, amphotericin B (AmB),
paromomycin and miltefosine [1]. Most of these drudisplay several drawbacks such as low
efficacy, severe side effects, parental adminisinatand emergence of drug resistance, or
significant rate of therapeutic failure [3]. For ample, miltefosine, the only oral drug for
leishmaniasis treatment produces teratogenic sffectd severe gastrointestinal side effects have

been reported [4].

During the last decades, substantial efforts haentinvested to discover more efficacy therapeutic
agents against leishmaniasis [1, 5], fuelled bysigaificant increase in therapeutic failure andgdr
resistance. Research has been focused either aquést for natural products [6, 7], target-based
drug discovery approaches encompassing, among sotheuclear [8] and kinetoplast
topoisomerases [9], trypanothione reductase (TryR)], and biosynthetic pathways for
phospholipids and sterols [11], or new synthetidatwles assayed for phenotypic output [12, 13].
Recently, nitroaromatic drugs like fexinidazoletieamted by parasite nitroreductases have been
assayed as new leishmanicidal drugs [14]. Nowadaysgs for Neglected Diseases initiative acts
as the best hub for new scaffolds under the lastlipical steps of development or ongoing clinical



trials. The oxaborole DNDI-6148, the nitroimidaz@&Di-0690, the aminopyrazole DNDI-5561,
and the GSK3186899/DDD853651 N-(trans-4-((3-isobutyl-1H-pyrazolo[3.dlpyrimidin-6-
yl)amino)-cyclohexyl)-1- phenylmethanesulfonamideahs) are currently in its portfolio [5,15].

In a previous study, we synthesized and tegtedtro againstLeishmania spp. some families of
heterocyclic compounds sharing the dihydrostilbseeffold, including 4-benzylidenephthalazin-1-
ones, phenacetyl-benzamides, 5-benzylimidazaifisbindol-5-ols and 6-benzylpyrimido[2,1-
alisoindol-6-ols [16]. From these, the last two guewshowed a promising leishmanicidal activity,
equivalent to reference clinical drugs. To gairttar insight intdhe leishmanicidal potential of the
5-benzylimidazo[2,la]isoindol-5-0l family, new compounds were designeynthesized and
assayed (compounds3l, Scheme 1). The set of new compounds explore hkenical space of
this scaffold, with variation of the electronic na and size of the substituents, as well as their
positions in the aromatic rings.

In all, we have provided a proof-of-concept for thatentiality of developing new antiparasitic
drugs of the imidazoisoindolol (IIOL) scaffold, Umow scarcely studied in medicinal chemistry,
as well as an insight of the molecular basis udegltheir antiparasitic potential.

2. Results and Discussion

2.1 Chemistry

The imidazoisoindolols (IIOLs) were obtained, byatosynthesis through the route depicted in
Scheme 1, as previously reported [16]. Briefly, #ymthesis starts by condensation of phthalic
anhydrides with substituted phenyl or naphthylacetids to provide benzalphthalides (BPs) and
naphthylmethylphthalides (NPs), through an adamatif the Nokihara method [17], using toluene
and a Dean-Stark separator to remove the waterr unee atmosphere. The resulted BRES)
were treated with ethylenediamine at 80-90 °C, it@ ghe benzyltaphthylmethyl)imidazo[2,1-
ajisoindol-5-ol derivatives BIIOLs NIIOLs), compoundsl-31. Physicochemical, MS and NMR

spectral data for all the new compounds are herarted.
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Scheme 1. General procedure for the synthesis ofdenzyl(naphthylmethyl)imidazo[2,1-a)isoindol-5-ol
derivatives



The *H-NMR spectra of BIIOLs NIIOLs) showed four multiple signals &t 2.77/3.21 ppm and
03.70/4.14 ppm (imidazoline protons). The benzylietimylene signals appeared as an AB system
03.10 and 3.38 ppmJE 13.6-14.0 Hz). The signal corresponding to therbxyl proton resonated
as a singlet ad~4.20 ppm (RO exchangeable). The signals for aromatic prot@peared ad
6.81 - 7.55 ppm, depending on the substituentgs rA and B. Thé*C-NMR spectra of BIIOLs
(NIIOLs) showed signals for three methylene carbons 0.5, 41.7 (C-2, C-3) and 44.0 ppm
(benzylic methylene), for a single non protonatggigenated carbon & 89.4 ppm (C-5); and for
one amidine carbon arourl 167.8 ppm. The aromatic carbon signals appearesbatween

122.2-150.2 ppm, depending on the substitutiorepatif the rings.

Those compounds monosubstituted at ring3Ao( 20, 21 to 24 and 30 to 31) were obtained and
evaluated as mixtures 1:(0.9-0.6) of 7(8)- or 6@)bstituted derivatives. Both regioisomers were
properly identified and characterized by thdit and **C-NMR spectra and, in some cases,
supported by conducting 2D experiments as COSY, G18Qd HMBC NMR correlations.

2.2Biological analysis

The imidazoisoindole core remains an almost fullicharted structure in Medicinal Chemistry.
Mazindol, an imidazoisoindole with non-amphetamam®rectic properties, was withdrawn from
the market due to side effects as pulmonary altey@ertension, also found in other anorexic drugs
[18]. Five additional works from Olmet al. rescued the imidazo[2dlisoindolol scaffold as the
basis of antiplasmodial [16, 19], anti-chagasic],[2thd anti-HIV [21] activities of heterocyclic
compounds related to stilbenoids, as well as atloek unveiling the leishmanicidal activity of this

scaffold onLeishmania promastigotes [22].

In this work a double objective was pursued, fistbroaden the knowledge on the structure-
activity relationship for the imidazo[2 dlisoindolols onLeishmania, and secondly, to get insight
into their leishmanicidal mechanism. For those psgs, new structures were synthesized and
added to some of the compounds tested. @ghmania promastigotes in the previous work [22],
resulting in a final set of 31 compounds. The cluainspace was explored by the diversity of
substituents employed, both in their chemical raaund in their positions in rings A and B of the
lIOL scaffold. In order to get a closer appraisal the chemotherapeutical potential of these
molecules, they were assayed on intracellular agwes, as the most relevant clinical form of the
parasite, and also the closest vitro model for humanLeishmania infection. Secondly, the
leishmanicidal mechanism of the most potent comgswmas explored, with a special focus on the



energy metabolism of the parasite; not only asasilide ultimate target of these molecules on

Leishmania, but also to monitor variations in parasite vigil

As aforementioned, in a previous work we descrithedeishmanicidal activity of compounds with
various heterocyclic skeletons on promastigotelsesshmania braziliensis, L. amazonensis, andL.
donovani. There, those compounds with an imidazoisoindkéteson without substitution on ring
A, combined with nil or a singleara-chloro substitution on ring B, showed the highestency
[22]. Therefore, they were taken as referencetfercurrent study, and named here as compolnds
and2.

The EGovalues on intracellular amastigotesloind2 were compared with those from compounds
3 to 31 Eighteen of these new compoun8sd 20) have a methyl group {Rat position 7 or 8 on
ring A. This molecular trait is combined with maddtions on ring B, consisting on larger aromatic
groups @- or B-naphthyl), or groups with effect on the electroensity of the ring, either as
electron-donor (Me, OMe, OH) or electron-attractifrg Cl) substituents. Compourg] without
substitution at ring B, was the internal controltios series. All these compounds were tested for
leishmanicidal activity as a mixture of regioisosér(0.9-0.6). The activity data for the full sét o
compounds againgt donovani intracellular amastigotds vitro were compiled in Table 1.

Compound? showed a good inhibitory activity (€= 2.1uM, for amastigotes) together with an
appealing selectivity index versus THP-1 cells £389.1). Compound, without substitutions in
rings A or B is ten times less potent tHgrand three times less th&nwith only a single methyl
group in ring A. Besides, the Sl of compouBdwas four times lower than that @& The
introduction of an electron-attracting substitu€@t, F) atortho or para positions had opposite
effects, depending on the halogen. The chloro-guklish, either at positiomrtho (compound4,
ECso = 1.8uM) or para (compound?, EG5p = 1.4uM) improved slightly the activity of the parental
2. In contrast, the fluoro derivative(ECso = 5.7uM), was two and a half times less potent, and its
Sl halved respect to compouBdThe introduction of either a strong electronaaiting (NQ, 5) or
donating groups (OHB; OMe, 9) impaired their leishmanicidal activity. The sulfh derivativelO
(ECs0 = 1.3uM), was slightly more potent than compoudwhereas compound (ECsp = 1.4 +
0.3, SI = 62.4) showed similar potency and seldgtiun fact, it was actually the most potent
compound within th@ara monosubstitued compounds on ring B. The oxidatiotme sulfidel0 to
sulfoxide (1) or sulfone {2) led to a reduction in the leishmanicidal activity

The activity of compounds with a multi-substitutedg B was highly dependent on the nature,
number and position of substituents. The activagrdased for aartho/para difluoro substitution
(13, EG = 7.1 uM), whereas in the case of the dichloro compoudds(ortho/para) and 15

(meta/para) preserved the activity af however, the Sl fot5was better than fdk4.



Table 1 Structure, leishmanicidal activity and cytotoxicity of imidazoisoindolol derivatives.
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ECso(uM)? CCso (M) CCso (uM) ECso(UM)?  ICso(M)*
1 H H 27.8+29 >200 182221 - nd nd
2 H 4-Cl 21+03 1451 +3.1 79.9+3.0 69.1 11.8+6.8 nd
3 7(8)-Me H 92+0.38 164.6 £ 13.2 125.6 +11.9 17.9 nd nd
4 7(8)-Me 2-Cl 1.8+0.0 80.7 £ 8.6 58.4£3.7 44.8 59+0.8 16.7x25
5 7(8)-Me 3-NQ >10 182.8+9.6 121.9+53 <18.3 nd nd
6 7(8)-Me 4-F 57+04 173.2+3.6 111129 30.3 nd nd
7 7(8)-Me 4-Cl 14+0.3 84626 64.4+£1.6 61.5 6.1+13 143+1.8
8 7(8)-Me 4-OH 78+26 >250 138.9+5.7 >32.2 nd dn
9 7(8)-Me 4-OMe >10 176.8+1.3 120.3+1.9 <17.7 dn nd
10 7(8)-Me 4-SMe 1.3+£0.0 80.5+£5.8 36.2+39 62.4 51+10 16.2+1.3
11 7(8)-Me 4-SOMe >10 >200 >200 - nd nd
12 7(8)-Me 4-SQMe >10 >200 181.9+22.3 - nd nd
13 7(8)-Me 2,4-diF 71+x11 162. £5.3 785+3.3 3.@ nd nd
14 7(8)-Me 2,4-diCl 1.3+0.2 22.2+£0.0 15.7+0.4 16.7 12.73#4 nd
15 7(8)-Me 3,4-diCl 1.3+0.2 38.6+£0.9 29927 29.3 105+1.8 nd
16 7(8)-Me 3,4-OCHO >10 >250 121.2+16.1 - nd nd
17 7(8)-Me 3,4-diOMe >10 246.3+5.3 187.3+33.4 246 nd nd
18 7(8)-Me 3,4,5-triOMe > 10 191.6 £12.3 113.6 £11.9 <19.2 nd nd
19 7(8)-Me a-naphthyl 31+x04 42241 205+1.8 135 nd dn
20 7(8)-Me B-naphthy! 34+05 424+12 20.1+1.8 12.4 nd d n
21 6(9)-NG, 4-Cl >10 146.6 £ 23.0 1124+ 115 <14.6 nd nd
22 7(8)-CH,OH 4-Cl >10 >200 122.0+18.4 >20 nd nd
23 7(8)-CHO 4-Cl 8.3+0.8 1534 +11.9 110.2+22.1 185 nd nd
24 7(8)-NG, 4-Cl 19+04 69.0+8.2 472+15 35.6 7.1+£1.1 nd
25 6,9-diCl 2-Cl 42+0.2 82.0+£0.6 41.0x+4.0 19.7 nd nd
26 6,9-diCl 4-Cl 26+0.2 68.7+2.2 33.8+0.3 26.2 13.3+1.7 144+36
27 6,9-diCl 4-SMe 6.7+0.8 84.4+0.8 77.4+82 12.7 nd nd
28 7,8-diCl 4-Cl 3004 31.9+£59 89+28 10.8 6.9+1.0 nd
29 7,8-diCl 4-SMe 1.0+£0.1 31111 85+15 31.1 21+04 7315
30 6(9)-NG, 3,4-diCl 2501 35.0£27 31.3+138 13.8 9.4+0.9 nd
31 7(8)-NG, 3,4-diCl 1.1+03 36.0+£27 288+1.2 33.3 7617 147+29

AmB 0.1+0.0 16.0 +2.1 12015 177.3 0.1+0.0

¥ As specified in Experimental section, activity the compounds on intracellular amastigotes was umedsby the
luciferase test; data were expressed ag ECSD, half maximal effective concentratioh.Cytotoxic concentration 50
(CCso) was measured by the inhibition of MTT reductiGnSelectivity index (SI) was defined as the ratic€©sCTHP-
1/EG;, for intracellular amastigoteg? EGC;, stands for the concentration of the respective pmnmd that inhibited
promastigote proliferation by 50%. To this end, Miieduction was measured after 72 h of promastigotéferation in
the presence of the respective contfolCs, stands for the concentration of the compound ititeibited MTT reduction
after 4 h incubation of promastigotes with the coomud, hence of its short term effects. Data werngressed as the
corresponding parameter + SD. Three independengrempnts were carried out; nd= not determined. Aotgticin B
(AmB) was used as reference drug. Values highlayfite comparison purposes, fiead those of most potent compounds
with EG5p < 3uM, in blue those compounds with Egvalues between 3 and M.



In ring B, neither a methylenedioxy substitutid®) nor the presence of twa7) or three methoxy
groups 18), improved the activity respect to compouhdvith a single methoxy substitution. The
presence of an enlarged aromatic groum-asaphthyl,19 ECso = 3.1 uM), and B-naphthyl,20
(ECsp = 3.4uM), led to a leishmanicidal activity similar to cpound2, but with an impaired SI
(13.5 and 12.4, respectivelgrsus the SI = 69 of compouna).

Altogether, we can conclude that the best substitubn ring B (compound8 to 20) to kill L.
donovani intracellular amastigotes, was tpemethylsulfanyl (0), followed by them,p-dichloro
(15), and thep-chloro (7) substitutions. In contrast, the ranking for S8, 7 and15.

Based on the previous results, some deactivatibgtisutions on ring A, combined with the best
ones found on ring BpfCl, p-SMe andm,p-diCl) were further analysed. Ring A was mono-
substituted at positions 6 or 9 and 7 or 8, orutiissituted at positions 6,9 and 7,8. Among theoget
compounds with g-chloro on ring B, and monosubstitution at ring 24, (6(9)-NG,), 22 [7(8)-
CH,OH], 23 [7(8)-CHO] and24 [7(8)-NO,], compound24, with a nitro group at position 7 or 8
showed the best activity (&= 1.9uM, SI = 35.6), rather similar t (with 7(8)-Me on ring A and

o-chloro in ring B).

To note, compoun@4, with a 7,(8)-nitro substitution, has better lemmnicidal activity thar2l
with a 6(9)-nitro substitution. However, the adiyvof 30 (ECso = 2.5uM, and Sl = 13.8), with the
6(9)-NQ, and two chlorinesng,p-diCl) on ring B, was similar t@. The 7(8)-nitro derivatives, with
one or two chlorine atoms in ring B showed goodiltss24, EG, = 1.9, SI =35.631, EGp=1.1
MM, SI=33.3). Thus, the addition of ome-Cl to ap-Cl on ring B improved the leishmanicidal

activity. In fact, compoun@Llis the second most potent compound of this series.

The best compound, with a 6,9-dichloro substitubarring A, wa26 ECso = 2.6, SI = 26.2), with
a p-Cl at ring B. Overall, the most potent compoundhef series wag9 (EGso = 1.0, SI = 31.1)
with 7,8-diCl on ring A ang-SMe on ring B.

Additionally, the most potent compounds on intrhdal amastigotes (Eg< 3uM: 2, 4, 7, 10, 14,

15, 24, 26, 28, 29, 30 and 31) were assayed dn donovani promastigotes. From these, compound
29 was also the most potent (with &G 2.1uM), followed in decreasing order by compourids
(7(8)-Me /p-SMe), 4 (7(8)-Me /o0-Cl) 007 (7(8)-Me /p-Cl), 28 (7,8-diCl /p-Cl) 124 (7(8)-NG; / p-

Cl), 30 (6(9)-NO; / m,p-diCl) and 31 (7(8)-NGO, / o,p-diCl). Noteworthy, the IlOLs were more
potent against the intracellular donovani amastigotes than on the promastigote forms of this
parasite.



In order to define the primary target of imidazamtols, their effects on promastigotes were
monitored after a short incubation (t = 4 h) witle selected compounds. Under these experimental
conditions, inhibition of MTT reduction, carried tolby mitochondrial dehydrogenases, was
measured immediately after the end of the incubatemd used as a parameter to select those
concentrations of the drug that decreased thelitjabf parasites. The experimental conditions and
parasite model were selected in order to assesz#heffects of 1IOLs on the energy metabolism
of Leishmania as their ultimate target) short incubations times minimize the variatioreaergy-
metabolism as a secondary effect of the actiontbardeasible primary targets) promastigotes
were chosen as their proliferation and metabolte ere much higher than that of intracellular
amastigotes, for which a severe metabolic quiescevas reported [23, 24], making them easier
cells to highlight anomalies on energy metaboligim;the promastigote, as extracellular form, has
free access to the drugs, without the restrictionposed to intracellular amastigotes by the
macrophage as their host cell. Additionally, a puéamodulation of the leishmanicidal effects of
the macrophages by IIOLs was avoided. Throughautfé cycle,Leishmania mostly relies on the
oxidative phosphorylation as the powerhouse foemsrgy metabolism [24].

As expected, the Kg values corresponding to the inhibition of MTT afée h incubation were
consistently higher than their respectivesg@lues, the parameter for inhibition of prolifeceti
(Table 1). Consequently, the leishmanicidal med@ranior at least its ensuing aftermath, did not
reach its final end after the 4 h incubation. AshsuGs, values were taken as a reference for the

evaluation of the rest of the energetic parameters.

Next, the variation in the intracellular levels ATP caused by a selected set of compounds was
assessed on promastigotes ofltkeshmania 3-Luc strain. These parasites report ATP variation
living parasites in real time, due to the expressiba cytoplasmic form of firefly luciferase, unab

to be imported into the glycosomes, as occurs With native enzyme. Furthermore, the poor
membrane permeability of D-luciferin at pH 7.0 wagercome using a caged luciferin ester
(DMNPE-luciferin) [25]. The variation in luminesces were assessed either immediately after the
addition of the respective IIOL (Figure 1), or afee4 h incubation (Figure 2). As expected, the
immediate effect of IIOL addition on the inhibitiasf luminescence (Figure 1) was consistently
lower than that measured after 4 h incubation (feig2), and their percentages for luminescence
inhibition were closer to their respectives§GFigure 2). In this experiment, 11029 resulted as the
most active compound, followed % and31 for the two incubation time modalities. The deseea

in ATP levels was also observed for the other thested compounds, although for compodritie

drop in ATP levels after the first 30 min of inctiloa was practically negligible (Figure 1).
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Figure 1. Variation of luminescence of 3-lud.. donovani promastigotes after imidazoisoindolols
4,7, 10, 26, 29 and 31 addition.

Imidazoisoindolols at the respective concentraticere added at a promastigotes suspension in RPEU-@r
medium (20 x 10 cells/mL) in the presence of 50M DMNPE-D-luciferin. Afterwards, variation of the
luminescence of living parasites was monitored iea time basis. The number of the compound ikidted
inside its corresponding panel. Luminescence wasessed as the percentage respect to untreatesitesrd o
improve the clarity of the graphic only the sigo#nt concentrations for each imidazoisoindolol were
represented, although the full set of concentrati@n 10, 20, 30, 40, and 5M1) were assayed for each of the
selected compounds. Parasites treated witpl.Bf 1,4-naphthoquinone were used as internal obritegend:
Imidazoisoindolol concentrationui): 50 (A); 40 ( ); 30 (#); 20 (O); 10 (V¥); 1,4-naphthoquinone (148,

).
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Figure 2. Variation of intracellular ATP levels in L. donovani promastigotes after 4h incubation
with imidazoisoindolols 4, 7, 10, 26, 29 and 31.

Imidazoisoindolols at the respective concentratiosese added at a promastigotes suspension in RR¥U-J
medium (20 x 1®cells/mL), and incubated for 4 h at 26 °C. AfterdsaDMNPE-luciferin was added (5,
final concentration) and the luminescence recorfded.0 min. Luminescence values were representettheas
percentage respect to untreated controls. Aftersyavdriation of the luminescence of living parasiteas
monitored in a real time basis. The number of tbenmound is included inside its corresponding panel.
Luminescence was expressed as the percentagetrespetreated parasites. Parasites treated witM. 1,4-
naphthoquinone (1,4-NPHQ) were used as positiveraion

In a further step, the origin of the decrease oPAWas approached. Lteishmania, the contribution
of oxidative phosphorylation to fulfil the globakehand of ATP is much higher than glycolysis,
especially for intracellular amastigotes [23]. Téfere, to gauge the mitochondrial functionality of



the parasites, the electrochemical potential obamondria A'Ym), assessed by the intracellular
accumulation of Rhodamine 123 (Rh123), is a refigidrameter. This probe has a positive charge
delocalized by resonance, behaving as a hydrophmiion. Consequently, it distributes across
both sides of the organelle membranes in respangeetmembrane potential following the Nernst
equation [24]. Rh123 is almost exclusively accurradanside the mitochondrion, as the organelle
with the highestAYm. As can be seen in Figure 3, compo@®dagain produced the highest
inhibition, leading to a full depolarization at M, followed by compound26 and31. The other
three compounds assayet], 7 and 10, showed a decrease in Rh123 accumulation alth@tigh

concentrations considerable higher than the afonéoreed compounds.
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Figure 3. Rhodamine 123 incorporation toL. donovani promastigotes after incubation with
imidazoisoindolols 4, 7, 10, 26, 29 and 31.

Promastigotes were resuspended at 20 %cells/mL in RPMI-@red and incubated with the cemending
concentration of imidazoisoindolols for 4 h. Aftemels, parasites were incubated with Rh123, and the
intracellular accumulation of the probe measuredflby cytometry fex—= 488nm,A., = 520 nm). Parasites
incubated with 10 mM KCN were used as a controbfaiysfunctional mitochondrion.

The induction of membrane permeability is the otherst likely alternative to account for the loss
of ATP. Under a permeabilization process, the igr&dients across the plasma membrane were
dissipated, leading to a futile hydrolysis of AT# the ionic gradients; additionally, the import of
metabolites carried out by electrochemical transpsris jeopardized. If the membrane lesion is
severe enough, cytoplasmic content, including miices may leak [25]. Plasma membrane

permeabilization was monitored by the increaselunréscence of SYTOX green, a membrane



impermeable intercalating agent. For compo2&]29, and31, a concentration dependent increase
of SYTOX green fluorescence was observed. The prastounced increase was for compo@id

evident at 1uM, whereas compourgll showed the slowest permeabilization rate (Figyre 4
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Figure 4. Entrance of the vital dye SYTOX green inL. donovani promastigotes induced by
imidazoisoindolols 26, 29 and 31.

Imidazoisoindolols at their respective concentratiwas added to a promastigotes suspension (20°x 10
cells/mL) resuspended in RPMI-@red containing tNd SYTOX green, and the increase in fluorescence
monitored § = 485 nm;Ae,= 520 nm). Triton X-100 (0.1%, final concentratiomds added at the point indicated
by an arrow, and this fluorescence considered 8%1®nly the traces of the significant IIOL concaetibns
were included in each panel to avoid confusion tdueverlapping traces. Legend: IIOL concentratiphl): 50
(A); 40 (); 30 (#); 20 (O); 10 (V).

For concentrations close to theirsiCthe increase in fluorescence for these three oomms
remained unnoticed at least 20 min after their tamdito the parasites, even for the highest
concentration assayed (M) (Figure 4). Even for compourZ at 10uM, this lag was close to 1h
after addition. By electron microscopy some blegbiof the plasma membrane were visualized in
promastigotes treated overnight with compo@8dt 10uM (~ 70% inhibition of MTT reduction)
(Figure 5). Nevertheless, this damage to the plasembrane is far less severe than that produced
by typical membrane agents, as some antimicrolaptiges, with massive release of cytoplasmic
material [26]. The micrograph &f donovani promastigote treated with 11029 (Figure 5, panel B)
showed swelling of the mitochondrial cristae sutjggsat least a partial independence of the
mitochondrial damage with a massive membrane pdifirion not observed in the same
micrograph. This hypothesis agrees with the expantad kinetics of the decrease of ATP levels
and entrance of SYTOX green. The intracellular andation of SYTOX green is a process close
to irreversibility, due to the high affinity of thiprobe for DNA. Hence, even transitory and
reversible lesions may lead with time to a sigaificintracellular concentration of the dye in the

absence of severe membrane permeabilization.



Figure 5. Transmission electron micrographs of.. donovani promastigotes treated with
imidazoisoindolol 29.

Parasites were incubated with i imidazoisoindolol29 for 12 h in complete growth mediurRanel A-
Control parasite?anel B- Parasites treated with 10/ of 29. Solid arrows pinpoint damaged mitochondrial
areas. Dashed arrow points out to a blebbing ipkkema membrane of the parasite. MagnificatiormbRrm.

In this regard, a low permeability status of thaspha membrane requires the maintenance of a
phospholipid asymmetry, for which flippases andgflases, both dependent on ATP hydrolysis,

played a major role [27], thus a mild damage toplasma membrane after a severe ATP depletion
cannot be ruled out. In all, the experimental rsswupport that the plasma membrane

permeabilization is rather an effect than the arigof the leishmanicidal activity of

imidazoisoindolols.

The single mitochondrion of trypanosomatids is gpealing chemotherapeutical target, as
demonstrated by the ample spectrum of chemicattsires successfully assayed for leishmanicidal
activity with mitochondrial involvement [28-30]. Tiwote, two of the drugs under current clinical
use, paromomycin and miltefosine, have the mitodhon of Leishmania as one of their respective
targets [31, 32]. eishmania as in other trypanosomatids, there is only a singitochondrion per
cell [33]; this may ruled out a hypothetical fumetal compensation by other unharmed
mitochondria [30]. Additionally, a deficit in the itachondrial contribution to the energy
metabolism of the parasites, can only partiall\seifffoy an increase in the glycolytic capacity [34].
The infection of the macrophages lbgishmania shifts the energy metabolism of the host cellmfro
a glycolytic pattern into a more relevant contribotoxidative phosphorylation [35]. Even when
some of the best IIOLs tested in this work have SD, we cannot discard that the susceptibility of
Leishmania infected macrophages will be higher than the mdeeted ones, due to their higher
dependence on oxidative phosphorylation. In thistext, under the imidazoisoindolol challenge,

we may surmise a metabolic rewiring of the infeateakcrophages towards glycolysis, supposedly



less favourable for survival and replication ofracellular survival. If this is the case, lOLs Wil

not be exclusively targeting the parasite, butibst-parasite interphase as well.

In any case, we cannot rule out the existence loérotargets for imidazoisoindolols aside the

mitochondrial energy metabolism loéishmania, as exemplified with compourtd

Most potent compounds were selected for the detetion of their physicochemical, ADME, and
drug-like properties. These were obtained from OSIRB6] and preADMET [37] algorithms
accessed online. Thus, clogP values ranged frofht2.3.57; logS values from -3.20 to -4.33 (at
pH= 7.5 and 25 °C); human intestinal absorptionAjHlalues resulted higher than 95 % and
vitro plasma protein binding (PPB) values under 90%addition, all the selected compounds
accomplished the Lipinski's Rule of Five [38], amdere within the limits established in
Comprehensive Medicinal Chemistry Database (CMe€-likle) [39] and the World Drug Index
(WDI-like rule) [40], to be considered as adequateg-like molecules. Finally, they attained an
OSIRIS global drug-score qualification in the rafigg2 to 0.79. Even with this favourable profile,
it must keep in mind that Lipinsky rules are freqgieviolated for antiparasiticidal drugs, includin
miltefosine and amphotericin B, two front-line é@shmanial drugs [41].

3. Conclusions

In summary, we have identified several derivatieésmidazo[2,1a]isoindol-5-ol, that exhibit
promising leishmanicidal activity. Of the compoundssted, thepara-monosubstituted 6-
benzylimidazo[2,1a]isoindol-5-ols containing chloro (Cl) or methylganyl (MeS) groups attached
to the benzyl fragment were the best, withsgZalues for intracellular amastigotes in the low
micromolar range of concentrations, and Sl valugkdr than 30. Furthermore, the involvement of
mitochondrion as a target, at least for the mosivamne 29) was demonstrated, even when

additional targets were also suspected.

All these findings will contribute to establishirggructure activity relationships to guide further
design of new compounds, which may include motifsptomote mitochondrial accumulation,
mostly the presence of lipophilic cations, alreadsed for other leishmanicidal molecules, to
promote a selective accumulation in this organ@t4. The message to be conveyed is the proof-
of-concept for the inclusion of the IIOL scaffoldside the portfolio of new candidates for

preclinical assays agairnsgéishmania.

4. Experimental

4.1.Chemistry



All'commercial chemicals (Aldrich, Alpha, Fischeé@DS) were used as purchased and solvents
(Fischer, SDS, Scharlau) purified by the standawtgdures prior to use [42]. Reactions were
monitored by Thin Layer Chromatography (TLC) (Kiggt 60 F254 precoated plates, E. Merck,
Germany), the spots were detected by exposure ttabhyg ath 254 nm, and colorization with 10%
phosphomolybdic acid or ninhydrin spray, and furtheating of the plate. Melting points (Mp)
were determined with a Bichi apparatus in openllesigs and were uncorrected. Separations by
flash column chromatography were performed on aéaiumina Merck 60 silica gel (0.063-0.2
mesh). Infrared spectra were recorded on a FT-Ettepmeter Perkin Elmer, System BX using
neat samples, without solvent, or KBr disks. NMR&m were recorded either on a Bruker ARX-
400 (400 MHz for*H, 100 MHz for*3C) or a Bruker AC 200 MHz (200 MHz fdH, 50 MHz for
3C). The spectra were measured either in GPCiDg or DMSO-@, using tetramethylsilane
(TMS) as internal standard, chemical shi® &re given in ppm and coupling constaniy i
Hertz. High resolution mass spectra (HRMS) wereaioletd by electron spray ionisation-mass

spectrometry (ESI-MS) technique (5 kV) on a QSTARMKass spectrometer.

4.1.1.General procedure for the synthesis of intermediate benzal (naphthyl methylidene)phthalides
(BPs, NPs)

2.2 mmol of phthalic anhydride or derivative, 2.7mol of the corresponding phenyl/
naphthylacetic acid and 0.26 mmol of sodium acetatie 5 mL of toluene were placed into in a
round bottom flask plugged to a Dean-Stark apparafine mixture was maintained undes N
atmosphere at 210-245 °C, with magnetic stirring, %33 h. After cooling, the reaction mixture
was extracted with ethyl acetate and washed sugegswith (sat) NaCQOs, brine and water, dried
over NaSO, and evaporated under reduced pressure to giverdlde product. Solid products were
purified by crystallization, whereas oils were sdbgd to flash chromatography on silica gel. The
ratio between the 6(7)-regioisomers was determibgdcomparison of the integral of their
respective olefinic protons (signal H-8), iH-NMR. All phthalides were obtained &isomers.
Their configuration was confirmed through NOE or B®Y experiments, and final yields ranged
between 40 - 95%.

We report here the data of benzalphthaliBsl, BP-2 andBP-3, as precursors to the three most
representative 110L&6, 29 and31, respectively.

4.1.1.1.(2)-4,7-Dichloro-3-(4-chlorobenzylidene)isobenzofuran-1(3H)-one, BP-1
Reaction time 16 h. Compound crystallized from Mél@#tane to give a pale yellow solid, Mp:
207-209 °C, yield 46%. IR (KBimax 3076, 1774, 1647, 1465, 1224, 1152, 996, 903 c&1% 'H



NMR (400 MHz, GD¢): 56.50 (d J = 8.4 Hz, 1H), 6.62 (d] = 8.4 Hz, 1H), 6.87 (sLH), 7.15 (¢J

= 8.6 Hz, 2H), 7.51 (d) = 8.6 Hz, 2H)*C NMR (100 MHz, GDg): 5 111.1, 122.4, 125.7, 129.0
(2C), 130.7, 131.6, 131.8 (2C), 131.9, 134.8, 13537.1, 141.8, 161.2. HRMS (E%kalcd. for
C15H7Cls0; [M+Na]*: 346.9404, found. 346.9408.

4.1.1.2.(Z)-5,6-Dichloro-3-(4-methyl sulfanyl benzylidene)i sobenzofuran-1(3H)-one, BP-2

Reaction time 12 h. Compound crystallized from Mék#itane to give a yellow solid, Mp: 200-
202 °C. yield: 59%, IR (KBr)vmax 2907, 1757, 1659, 1589, 1312, 1284, 1153, 1082, 828, 816
cm ™. *H NMR (200 MHz, CDCJ): 8 2.52 (s 3H), 6.36 (s1H), 7.25 (d,J = 8.6 Hz, 2H), 7.73 (d

= 8.6 Hz, 2H), 7.85 (slH), 8.00 (s 1H).**C NMR (50 MHz, CDCJ): & 15.3, 108.6, 121.6, 122.6,
125.3, 126.1 (2C), 127.2, 130.6 (2C), 134.0, 13939.7, 139.9, 141.2, 165.1 HRMS (BEStalcd.
for C16H11C1,O,S [M+H]": 336.9851, found. 336.9840.

4.1.1.3.(2)-3-(3,4-Dichlorobenzylidene)-5(6)-nitroi sobenzofuran-1(3H)-one, BP-3

Reaction time 14 h. Compound crystallized from Mé##tane to give an orange solid, Mp: 190-
194 °C, yield: 38%. IR (KBr)Vmax 2921, 1778, 1616, 1536, 1344, 1100, 1001, 855, ci63
HRMS (EST) calcd. for GsHgCl.NO4 [M+H]*: 335.9830, found 335.9839.
(2)-3-(3,4-Dichlorobenzylidene)-5-nitroisobenzofuran-1(3H)-one, BP-3a 'H NMR (400 MHz,
DMSO-): 8 7.26 (5 1H), 7.71 (ddlJ = 8.8, 1.2 Hz, 1H), 7.72 (d,= 8.8 Hz, 1H), 7.91 () = 1.2
Hz, 1H), 8.17 (dJ = 8.4 Hz, 1H), 8.66 (ddJ = 8.4, 2.0 Hz, 1H), 8.93 (d = 2.0 Hz, 1H)}*C NMR
(100 MHz, DMSO-d): 6 106.5, 120.8, 122.5, 127.0, 129.9, 130.0, 131C),(231.4, 131.6, 133.5,
144.2 (2C), 148.6, 164.4.

(2)-3-(3,4-Dichlorobenzylidene)-6-nitroisobenzofuran-1(3H)-one, BP-3b. '"H NMR (400 MHz,
DMSO-): 8 7.19 (5 1H), 7.71 (d) = 8.8 Hz, 1H), 7.73 (dd) = 8.8, 1.2 Hz, 1H), 7.95 (d = 1.2
Hz, 1H), 8.26 (dJ = 8.4 Hz, 1H), 8.37 (ddJ = 8.4, 2.0 Hz, 1H), 8.60 (d = 2.0 Hz, 1H)}*C NMR
(100 MHz, DMSO-@): & 108.1, 116.6, 123.8, 125.2, 127.1, 129.8, 1293.3, 131.2, 131.6,
133.3, 140.7, 144.1, 151.8, 164.2.

4.1.2. General procedure for the preparation of 5-benzyl (naphthylmethyl)imidazo[2,1-a] isoindol-5-

ol derivatives (compounddl - 32)

1.0 mmol of the corresponding benngphthylmethylidene)phthalide was dissolved into
ethylenediamine (4 mL) and heated at 70 — 80 °J ferl2 h with magnetic stirring. After cooling,
the reaction mixture was extracted with ethyl aeetand washed with water. The organic layer was



dried over NaSQO, and concentrated under reduced pressure to gevertide product, which was
further purified by column chromatography on silgel. Reaction yields ranged within 80 - 100%.
Compounds3 to 20, 22 to 24 and 31 were obtained as mixtures of 7(8)-regioisomers] an

compound®1 and30 as mixtures of 6(9)-regioisomers, in relation 22¢0.6) approximately.

4.1.2.1. 5-Benzyl-3,5-dihydro-2H-imidazo[ 2,1-a] isoindol-5-0l, 1.

The compound was prepared and characterized ampsgvdescribed in [23]. Yield: 91%.

4.1.2.2. 5-(4-Chlorobenzyl)-3,5-dihydro-2H-imidazo[ 2,1-a] isoindol-5-0l, 2.

The compound was prepared and characterized ampsgvdescribed in [23]. Yield: 93%.

4.1.2.3. 5-Benzyl-7(8)-methyl-3,5-dihydr o-2H-imidazo[ 2,1-d] isoindol-5-0al, 3.

Yield: 85%. Oil. IR (NaCl):vmax 3359, 3294, 2925, 1684, 1621, 1393, 1083, 703. dHRMS
(EST") calcd. for GgH1gN,O [M+H]™: 279.1492, found 279.1504.
5-Benzyl-7-methyl-3,5-dihydro-2H-imidazo[ 2,1-a] isoindol-5-0l, 3a. Differential assignment of
NMR data for pairs of regioisomers based on honma leeteronuclear 2D-NMR correlatiorts
NMR (200 MHz, CDC}): 5 2.35 (s, 3H), 2.77-3.10 (m, 2H), 3.12 4= 14.0 Hz, 1H), 3.41 (dl =
14.0 Hz, 1H), 3.67 (hsH, D,0O), 3.95-4.05 (dt) = 14.5, 2.6 Hz, 2H), 6.77-7.03 (m, 5H), 7.09Jd,
= 7.9 Hz, 1H), 7.20 (s, 1H), 7.37 @@= 7.9 Hz, 1H).**C NMR (50 MHz, CDC}): & 22.0, 39.4,
41.8, 44.6, 89.2, 122.9, 126.8, 127.9 (3C), 12838,0 (2C), 130.9, 135.2, 142.6, 148.3, 167.8.
5-Benzyl-8-methyl-3,5-dihydro-2H-imidazo[ 2,1-a) isoindol-5-0l, 3b. *H NMR (200 MHz, CDGJ): &
2.29 (s, 3H), 2.77-3.10 (m, 2H), 3.11 (s 14.0 Hz, 1H), 3.22 (dl = 14.0 Hz, 1H), 3.67 (bs, 1H,
D,0), 3.95-4.05 (dt]) = 14.5, 2.6 Hz, 2H), 6.77-7.03 (m, 5H), 7.12Jd; 7.5 Hz, 1H), 7.19 (d] =
7.5 Hz, 1H), 7.30 (s, 1HFC NMR (50 MHz, CDCJ): & 21.4, 39.4, 41.8, 44.6, 89.3, 122.2, 123.3,
127.9 (3C), 130.0 (2C), 130.9, 132.8, 138.9, 13H43,2, 167.8.

4.1.2.4. 5-(2-Chlorobenzyl)-7(8)-methyl - 3,5-di hydr o-2H-imidazo[ 2,1-d] isoindol-5-al, 4.

Yield: 78%. Oil. IR (NaCl):vmax 3292, 2925, 1681, 1620, 1442, 1392, 1080, 1053, 732 cni.
HRMS (ESI") calcd. for GgH1sCIN,O [M+H]": 313.1110, found 313.1105.
5-(2-Chlorobenzyl)-7-methyl-3,5-dihydr o-2H-imidazo[ 2,1-g] isoindol-5-0l, 4a. *H NMR (200 MHz,
CDCl): 8 2.32 (s, 3H), 2.82-3.15 (m, 2H), 3.32 (d= 14.0 Hz, 1H), 3.54 (d] = 14.0 Hz, 1H),
4.02-4.12 (dtJ = 14.5, 2.2 Hz, 2H), 6.90 (m, 3H), 7.11 {& 7.9 Hz, 1H), 7.12 (m, 1H), 7.17 (bs,
1H), 7.45 (dJ = 7.9 Hz, 1H).}*C NMR (50 MHz, CDCJ): & 19.3, 36.8, 37.9, 39.1, 86.3, 120.0,
120.4, 123.7, 125.3, 125.5, 126.7, 127.1, 128.0,6.332.2, 139.9, 145.3, 165.0.



5-(2-Chlorobenzyl)-8-methyl-3,5-dihydro-2H-imidazo[ 2,1-a] isoindol-5-0l, 4b. *H NMR (200 MHz,
CDCL): & 2.31 (s, 3H), 2.82-3.15 (m, 2H), 3.32 (= 14.0 Hz, 1H), 3.54 (d] = 14.0 Hz, 1H),
4.02-4.12 (dt) = 14.5, 2.2 Hz, 2H), 6.90 (m, 3H), 7.11 (m, 1H%LZ(d,J = 8.0 Hz, 1H), 7.18 (d]

= 8.0 Hz, 1H), 7.385 1H). 3C NMR (50 MHz, CDCJ): 5 18.7, 36.8, 37.9, 39.1, 86.3, 119.7,
120.6, 123.7, 125.3, 125.5, 126.7, 128.9, 130.0,6.332.2, 143.0, 145.0, 165.0.

4.1.2.5. 7(8)-Methyl-5-(3-nitrobenzyl)-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol -5-0l, 5.

Yield: 68%. Oil. IR (NaCl):vmax 3354, 3294, 2923, 1684, 1528, 1350, 1338, 1088, aa’.
HRMS (EST) calcd. for GgH1eN30s [M+H]": 324.1343, found 324.1338.
7-Methyl-5-(3-nitrobenzyl)-3,5-dihydro-2H-imidazo[ 2, 1-aJisoindol-5-0l, 5a *H NMR (200 MHz,
CDCl): 8 2.31 (s, 3H), 3.10 (d} = 14.0 Hz, 1H), 3.35 (d] = 14.0 Hz, 1H), 3.72 (m, 2H), 3.79 (m,
2H), 6.96 (m, 3H), 7.22 (m, 1H), 7.24 @= 8.0 Hz, 1H), 7.61 (dd] = 8.0, 7.8 Hz, 1H), 7.79 (d,

= 8.0 Hz, 1H), 7.80 (m, 1H), 8.09 (m, 1H), 8.14 (thi). **C NMR (50 MHz, CDC}): & 22.0, 39.2,
41.8, 44.2, 88.8, 121.9, 122.0, 122.8, 125.1, 1288.8, 130.2, 136.0, 139.5, 143.1, 147.7, 147.8,
167.6.

8-Methyl-5-(3-nitrobenzyl)-3,5-dihydro-2H-imidazo[ 2,1-aJisoindol-5-0l, 5b. *H NMR (200 MHz,
CDCl): 8 2.28 (s, 3H), 3.10 (d] = 14.0 Hz, 1H), 3.35 (d] = 14.0 Hz, 1H), 3.60 (bs, 1H,,D),
3.72 (m, 2H), 3.79 (m, 2H), 6.96 (m, 3H), 7.30Jck 8.1 Hz, 1H), 7.34 (d] = 8.1 Hz, 1H), 7.61
(dd,J = 8.0, 7.8 Hz, 1H), 7.77 (bs, 1H), 7.80 (m, IHPB(m, 1H), 8.14 (m, 1H}:*C NMR (50
MHz, CDCk): 6 21.4, 39.2, 41.8, 44.2, 88.8, 121.9 (2C), 1232%.1, 128.8, 130.8, 133.1, 136.0,
137.3, 139.5, 144.5, 147.5, 167.6.

4.1.2.6. 5-(4-Fluorobenzyl)-7(8)-methyl-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-al, 6.

Yield: 98%. Oil. IR (NaCl)vmax 3352, 3293, 2926, 1683, 1620, 1511, 1223, 10753,1832, 781,
726 cm'. HRMS (EST) calcd. for GgH1sFNLO [M+H]*: 297.1397, found 297.1381.
5-(4-Fluorobenzyl)-7-methyl-3,5-dihydro-2H-imidazo[ 2, 1-a]isoindol-5-0l, 6a. *H NMR (200 MHz,
CDCl): & 2.42 (s, 3H), 2.36-3.09 (m, 2H), 3.28 (= 14.0 Hz, 1H), 3.39 (d] = 14.0 Hz, 1H),
3.63 (bs, 1H, BO), 3.90-4.14 (m, 2H), 6.72-6.82 (m, 4H), 7.32 (bd), 7.33 (M, 1H), 7.46 (d,=
7.5 Hz, 1H).X*C NMR (50 MHz, CDCJ): & 22.0, 39.2, 41.8, 43.8, 89.0, 114.9 & 7.4 Hz, 2C),
122.9, 123.3, 128.2, 130.9, 131.3, 131.5J(¢,28.1 Hz, 2C), 142.7, 148.2, 162.4 Jds 244 Hz),
167.7.

5-(4-Fluorobenzyl)-8-methyl-3,5-dihydro-2H-imidazo[ 2, 1-a]isoindol-5-0l, 6b. *"H NMR (200 MHz,
CDCL): & 2.37 (s, 3H), 3.09-2.36 (m, 2H), 3.28 (= 14.0 Hz, 1H), 3.39 (d] = 14.0 Hz, 1H),
3.63 (s, 1H, BO), 4.14-3.90 (m, 2H), 6.82-6.72 (m, 4H), 7.18 J& 8.0 Hz, 1H), 7.30 (m, 1H),
7.39 (bs, 1H)**C NMR (50 MHz, CDCJ): & 21.4, 39.2, 41.8, 43.8, 89.0, 114.90¢ 7.4 Hz, 2C),



122.0, 122.8, 128.2, 130.9, 131.5 Jd; 28.1 Hz, 2C), 132.8, 139.0, 145.0, 162.4)(d, 244 Hz),
167.7.

4.1.2.7. 5-(4-Chlorobenzyl)-7(8)-methyl - 3,5-di hydr o-2H-imidazo[ 2,1-a]isoindol-5-0l, 7.

Yield: 86%. OIil. IR (NaCl)vmax 3258, 2925, 1679, 1620, 1490, 1115, 1080, 815,cri?8 HRMS
(EST) calcd. for GgH1gCIN,O [M+H]": 313.1110, found 313.1106.
5-(4-Chlorobenzyl)-7-methyl-3,5-dihydr o-2H-imidazo[ 2,1-a]isoindol-5-0l, 7a. *H NMR (200 MHz,
CDCL): & 2.37 (s, 3H), 2.74-3.36 (m, 2H), 3.10 (= 14.0 Hz, 1H), 3.33 (d] = 14.0 Hz, 1H),
3.81 (bs, 1H, BO), 3.96-4.09 (m, 2H), 6.72 (d,= 8.3 Hz, 2H), 7.00 (d] = 8.3 Hz, 2H), 7.14 (s,
1H), 7.16 (dJ = 7.9 Hz, 1H), 7.41 (d] = 7.9 Hz, 1H)*C NMR (50 MHz, CDCJ): & 21.9, 39.3,
41.7,43.8, 89.0, 122.7, 128.0 (3C), 129.8, 130838,2 (2C), 132.7, 133.6, 142.7, 148.0, 167.6.
5-(4-Chlorobenzyl)-8-methyl-3,5-dihydr o-2H-imidazo[ 2, 1-aisoindol-5-ol, 7b. *H NMR (200 MHz,
CDCL): & 2.32 (s, 3H), 2.74-3.36 (m, 2H), 3.10 (= 14.0 Hz, 1H), 3.33 (d] = 14.0 Hz, 1H),
3.81 (bs, 1H, BO), 3.96-4.09 (m, 2H), 6.72 (d,= 8.3 Hz, 2H), 7.00 (d] = 8.3 Hz, 2H), 7.12 (d]
= 8.8 Hz, 1H), 7.25 (dJ) = 8.8 Hz, 1H), 7.32 (s, 1H}3*C NMR (50 MHz, CDC}): & 21.3, 39.3,
41.7, 43.8, 88.9, 122.8, 123.3, 128.0 (2C), 1303.,.2 (2C), 132.5, 132.7, 133.6, 139.0, 144.8,
167.6.

4.1.2.8. 5-(4-Hydroxybenzyl)-7(8)-methyl-3,5-dihydro-2H-imidazo[ 2,1-alisoindol-5-0l, 8.

Yield: 53%. Oil. IR (NaCl):vmax 3354, 2921, 1668, 1616, 1440, 1231, 1072, 83L.dHRMS
(EST") calcd. for GgH1gN2O5 [M+H]": 295.1441, found 295.1442.
5-(4-Hydroxybenzyl)-7-methyl-3,5-dihydro-2H-imidazo[ 2,1-ajisoindol-5-0l, 8a. 'H NMR (200
MHz, CDCh): 8 2.35 (s, 3H), 2.79-2.96 (m, 2H), 3.25 (o= 14.0 Hz, 1H), 3.40 (d] = 14.0 Hz,
1H), 3.79-3.88 (m, 2H), 6.43 (d,= 8.3 Hz, 2H), 6.54 (dJ = 8.3 Hz, 2H), 7.17 (dJ = 1.1, 1H),
7.24 (dd,J = 7.9, 1.1 1H), 7.34 (d] = 7.9, 1H).*C NMR (50 MHz, CDC})): & 21.9, 39.9, 41.3,
42.6, 90.6, 114.8 (2C), 122.9, 123.0, 125.4, 12830,0, 130.8 (2C), 143.0, 147.6, 155.5, 168.5.
5-(4-Hydroxybenzyl)-8-methyl-3,5-dihydro-2H-imidazo[ 2,1-ajisoindol-5-0l, 8b. *H NMR (200
MHz, CDCh): 8 2.28 (s, 3H), 2.79-2.96 (m, 2H), 3.25 (o= 14.0 Hz, 1H), 3.40 (d] = 14.0 Hz,
1H), 3.79-3.88 (m, 2H), 6.43 (d,= 8.3 Hz, 2H), 6.53 (d] = 8.3 Hz, 2H), 7.10 (d] = 7.9 Hz, 1H),
7.20 (d,J = 7.9, 1H), 7.26 (bs, 1H}3*C NMR (50 MHz, CDCJ): & 21.2, 39.9, 41.3, 42.6, 90.6,
114.8 (2C), 122.3, 122.6, 125.4, 128.1, 130.8 (23,0, 139.3, 144.5, 155.5, 168.5.

4.1.2.9. 5-(4-Methoxybenzyl)-7(8)-methyl-3,5-dihydr o-2H-imidazo[ 2,1-a]isoindol -5-0l, 9.
Yield: 94%. Oil. IR (NaCl)vmax 3357, 2929, 1680, 1612, 1513, 1249, 1035, 819 ci56 HRMS
(EST") calcd. for GoH21N20, [M+H]*: 309.1598, found 309.1609.



5-(4-Methoxybenzyl)-7-methyl-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-0l, 9a *H NMR (400
MHz, CDChL): & 2.42 (s, 3H), 2.71-2.93 (m, 2H), 3.22 (o= 13.9 Hz, 1H), 3.36 (d] = 13.9 Hz,
1H), 3.57 (bs, 1H, BD), 3.68 (s, 3H), 3.98-4.08 (m, 2H), 6.60 Jd; 8.8 Hz, 2H), 6.65 (d] = 8.8
Hz, 2H), 7.18 (bs, 1H), 7.28 (d,= 7.7 Hz, 1H), 7.44 (d) = 7.7 Hz, 1H).X*C NMR (100 MHz,
CDCl3): 6 21.9, 39.5, 41.7, 43.2, 55.0, 89.6, 113.2 (2Cp.42122.8, 128.2, 129.7, 130.4, 130.8
(2C), 148.1, 142.5, 158.2, 167.9.

5-(4-Methoxybenzyl)-8-methyl-3,5-dihydro-2H-imidazo[ 2,1-ajisoindol-5-0, 9b. *H NMR (400
MHz, CDCk): & 2.36 (s, 3H), 3.00-3.20 (m, 2H), 3.23 (= 13.9 Hz, 1H), 3.36 (d] = 13.9 Hz,
1H), 3.57 (bs, 1H, BD), 3.68 (s, 3H), 3.98-4.08 (m, 2H), 6.60 Jdk 8.8 Hz, 2H), 6.65 (d] = 8.8
Hz, 2H), 7,16 (dJ = 7.7 Hz, 1H), 7.23 (d) = 7.7 Hz, 1H), 7.36 (bs, 1H}*C NMR (100 MHz,
CDCl): 8 21.3, 39.5, 41.7, 43.2, 55.0, 89.5, 113.2 (2Cp.1,2123.1, 127.0, 128.2, 130.9 (2C),
132.6, 138.8, 144.9, 158.2, 167.8.

4.1.2.10. 7(8)-Methyl-5-(4-methyl sul fanyl benzyl )-3,5-dihydro-2H-imidazo[ 2,1-alisoindol -5-ol, 10.
Yield: 94%. Oil. IR (NaCl):vmax 3294, 2922, 1682, 1620, 1405, 1080, 819, 732,93 HRMS
(ESI") calcd. for GgH21N,0S [M+H]": 325.1369, found 325.1376.

7-Methyl-5-(4-methyl sulfanyl benzyl)-3,5-dihydro-2H-imidazo[ 2, 1-aJisoindol-5-0l, 10a *H NMR
(200 MHz, CDC}): 3 2.34 (s, 3H), 2.38 (s, 3H), 2.98-3.21 (m, 2H),13(d, J = 14.0 Hz, 1H), 3.33
(d, J = 14.0 Hz, 1H), 3.95-4.15 (m, 2H), 4.20 (bs, 1HON 6.73 (dJ = 8.2 Hz, 2H), 6.93 (d] =
8.2 Hz, 2H), 7.19 (bs, 1H), 7.26 @= 7.5 Hz, 1H), 7.40 (d] = 7.5 Hz, 1H)*C NMR (50 MHz,
CDCl): 8 15.6, 21.6, 39.5, 41.7, 43.8, 89.4, 122.2, 12228.0 (2C), 128.1, 130.4 (2C), 130.9,
131.9, 136.6, 142.7, 148.1, 167.8.

8-Methyl-5-(4-methyisul fanyl benzyl)-3,5-dihydro-2H-imidazo[ 2, 1-ajisoindol-5-0l, 10b. *H NMR
(200 MHz, CDC}): & 2.33 (s, 3H), 2.35 (s, 3H), 2.81-2.98 (m, 2H).93(0,J = 14.0 Hz, 1H), 3.32
(d,J = 14.0 Hz, 1H), 3.95-4.15 (m, 2H), 4.20 (bs, 1HOR 6.73 (dJ = 8.3 Hz, 2H), 6.93 (d] =
8.3 Hz, 2H), 7.12 (dJ = 7.2 Hz, 1H), 7.20 (d] = 7.2 Hz, 1H), 7.32 (bs, 1H)*C NMR (50 MHz,
CDCl3): 6 15.6, 21.4, 39.5, 41.7, 43.8, 89.4, 122.8, 1282%.0 (2C), 128.1, 130.4 (2C), 130.9,
132.8, 136.6, 139.0, 144.9, 167.8.

4.1.2.11. 7(8)-Methyl-5-(4-methyl sul finyl benzyl)-3,5-dihydr o-2H-imidazo[ 2,1-a]isoindol-5-0l, 11.
Yield: 89%. Oil. IR (NaCl):vmax 3422, 2924, 1685, 1619, 1406, 1303, 1148, 1088, 881, 733
cm*. HRMS (EST) calcd. for GeH21N,0,S [M+H]": 341.1318, found 341.1322.
7-Methyl-5-(4-methyl sulfinylbenzyl)-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-0, 11a 'H NMR
(200 MHz, CDC}): 8 2.36 (s, 3H), 2.57 (s, 3H), 2.99-3.18 (m, 2H),33d, J = 13.6 Hz, 1H), 3.40
(d, J = 13.6 Hz, 1H), 4.02-4.12 (m, 2H), 6.98 (b= 2.0 Hz, 1H), 7.12 (dd] = 8.0, 2.0 Hz, 1H),



7.25 (d,J = 8.0 Hz, 1H), 7.28 (dJ = 8.0 Hz, 2H), 7.33 (dJ = 8.0 Hz, 2H)*C NMR (50 MHz,
CDCly): 5 21.4, 22.0, 39.1, 41.8, 43.7, 88.8, 122.7, 1222%.9, 123.3 (2C), 132.9 (2C), 129.9,
130.8, 143.7, 143.8, 148.0, 167.6.

8-Methyl-5-(4-methyl sulfinyl )benzyl-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-0l, 11b. 'H NMR
(200 MHz, CDCH): 2.27 (s, 3H), 2.57 (s, 3H), 2.83-3.02 (m, 2H),33(d,J = 13.6 Hz, 1H), 3.40 (d,
J=13.6 Hz, 1H), 4.02-4.12 (m, 2H), 7.00 ds 7.6, 1H), 7.18 (dJ = 7.6 Hz, 1H), 7.21 (bs, 1H),
7.28 (d,J = 8.0 Hz, 2H), 7.33 (d] = 8.0 Hz, 2H)C NMR (50 MHz, CDCJ):  21.4, 22.0, 39.1,
41.8, 43.7, 88.8, 122.0, 123.1, 123.3 (2C), 12¥30.8, 131.1, 132.9 (2C), 138.7, 143.8, 144.8,
167.6.

4.1.2.12. 7(8)-Methyl-5-(4-methyl sulfonyl benzyl )-3,5-dihydro-2H-imidazo[ 2,1-alisoindol -5-ol, 12.

Yield: 91%. Oil. IR (NaCl):vmax 3372, 2924, 1685, 1597, 1409, 1302, 1149, 1099, 886, 729
cm®. HRMS (EST) calcd. for GeH21N,0sS [M+H]": 357.1267, found 357. 1267.
7-Methyl-5-(4-(methyl sulfonyl )benzyl)-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-0l, 12a *H NMR
(200 MHz, CDCH4): 2.37 (s, 3H), 2.98 (s, 3H), 3.00-3.18 (m, 2HP&3(d,J = 13.6 Hz, 1H), 3.39 (d,

J = 13.6 Hz, 1H), 4.00-4.12 (m, 2H), 7.01 (= 8.0 Hz, 2H), 7.20 (bs, 1H), 7.26 @= 7.6 Hz,
1H), 7.40 (dJ = 7.6 Hz, 1H), 7.60 (d] = 8.0 Hz, 2H)X*C NMR (50 MHz, CDCJ): & 22.7, 45.1,
39.7, 42.5, 45.2, 89.2, 122.6, 124.1, 127.5, 122@®), 131.7 (2C), 131.6, 133.7, 140.0, 142.5,
145.3, 168.2.

8-Methyl-5-(4-(methyl sul fonyl )benzyl)-3,5-dihydro-2H-imidazo[ 2,1-alisoindol-5-0l, 12b. *H NMR
(200 MHz, CDC}): 3 2.32 (s, 3H), 2.98 (s, 3H), 3.00-3.18 (m, 2H)83(0,J = 13.6 Hz, 1H), 3.39
(d, J = 13.6 Hz, 1H), 4.00-4.12 (m, 2H), 7.03 §c= 8.0 Hz, 2H), 7.13 (d] = 7.6 Hz, 1H), 7.16 (d,

J = 7.6 Hz, 1H), 7.33 (bs, 1H), 7.61 @= 8.0 Hz, 2H)**C NMR (50 MHz, CDCJ): & 22.0, 45.1,
39.7, 42.5, 45.2, 89.2, 123.3, 123.7, 127.6 (2GN.7, 131.6, 131.7 (2C), 131.3, 139.4, 140.0,
143.6, 168.2.

4.1.2.13. 5-(2,4-Difluorobenzyl)-7(8)-methyl-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol -5-al, 13.

Yield: 65%. Oil. IR (NaCl):vyax 3360, 2930, 1680, 1620, 1490, 1249, 1080, 820, 780 cni.
HRMS (ESI") calcd. for GgH17F2N,O [M+H]": 315.1309, found 315.1305.

5-(2,4-Difluor obenzyl)-7-methyl-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-0l, 13a *H NMR (200
MHz, CDCh): & 2.44 (s, 3H), 2.86-3.18 (m, 2H), 3.28 (o= 14.0 Hz, 1H), 3.39 (d] = 14.0 Hz,
1H), 4.10-4.17 (m, 2H), 6.56-6.67 (m, 3H), 7.27, (bd), 7.29 (dJ = 7.5 Hz, 1H), 7.47 (d] = 7.5
Hz, 1H),*C NMR (50 MHz, CDCJ): 5 22.0, 36.0, 39.1, 41.6, 88.8, 103.5)(£25.7 Hz), 110.7 (d,
J=20.2 Hz), 118.0 (d] = 14.7 Hz), 123.2, 128.1, 129.9, 130.8, 132.3 (p.8, 148.0, 160.5 (dd,
J=247.7,12.9 Hz), 161.5 (dd= 247.7, 12.9 Hz), 167.6.



5-(2,4-Difluor obenzyl)-8-methyl-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-0l, 13b. *H NMR (200
MHz, CDCh): & 2.38 (s, 3H), 2.86-3.18 (m, 2H), 3.28 (d= 14.0 Hz, 1H), 3.35 (d] = 14.0 Hz,
1H), 4.10-4.17 (m, 2H), 6.56-6.67 (m, 3H), 7.18Jd; 7.9 Hz, 1H), 7.32 (s, 1H), 7.37 @@= 7.9
Hz, 1H).2°C NMR (50 MHz, CDCJ): 5 21.4, 36.0, 39.1, 41.6, 88.8, 103.5)(£25.7 Hz), 110.7 (d,
J=20.2 Hz), 118.0 (d] = 14.7 Hz), 122.0, 123.2, 130.9, 132.3 (m), 13942.8, 144.9, 160.5 (dd,
J=247.7 Hz, 12.9), 161.5 (dd= 247.7 Hz, 12.9), 167.6.

4.1.2.14. 5-(2,4-Dichlorobenzyl)-7(8)-methyl -3,5-dihydr o-2H-imidazo[ 2,1-a]i soindol-5-0l, 14.

Yield: 47%. Oil; IR (NaCl):vmax 3354, 2926, 1682, 1621, 1473, 1080, 1051, 83%. dARMS
(EST") calcd. for GgH17CIL.N,O [M+H]™: 347.0712, found 347. 0718.
5-(2,4-Dichlorobenzyl)-7-methyl-3,5-dihydr o-2H-imidazo[ 2,1-ajisoindol-5-0l, 14a *H NMR (200
MHz, CDCh): & 2.34 (s, 3H), 2.85-3.15 (m, 2H), 3.25 (= 14.1 Hz, 1H), 3.40 (bs, 1H,,D),
3.40 (d,J = 14.1 Hz, 1H), 4.02-4.10 (m, 2H), 6.86 (d= 8.3 Hz, 1H), 6.94 (dd] = 8.3, 1.8 Hz,
1H), 7.11 (bs, 1H), 7.17 (d,= 8.3 Hz, 1H), 7.19 (s, 1H), 7.46 @@= 8.3 Hz, 1H)*C NMR (50
MHz, CDCk): 6 22.0, 39.1, 40.4, 41.9, 88.6, 123.0, 126.8 (2@8.Q, 129.3, 130.0, 130.8, 132.4,
133.3, 135.6, 142.8, 148.3, 167.7.
5-(2,4-Dichlorobenzyl)-8-methyl-3,5-dihydr o-2H-imidazo[ 2,1-aJisoindol-5-0l, 14b. *H NMR (200
MHz, CDCh): & 2.32 (s, 3H), 2.85-3.13 (m, 2H), 3.19 (= 14.1 Hz, 1H), 3.40 (bs, 1H,,D),
3.47 (d,J = 14.1 Hz, 1H), 4.02-4.13 (m, 2H), 6.86 (d= 8.3 Hz, 1H), 6.94 (dd] = 8.3, 1.8 Hz,
1H), 7.11 (bs, 1H), 7.16 (d,= 7.0 Hz, 1H), 7.22 (d] = 7.0 Hz, 1H), 7.39 (s, 1H}*C NMR (50
MHz, CDCk): 6 21.5, 39.1, 40.4, 41.9, 88.6, 122.3, 123.4, 12628,0, 129.3, 132.1, 132.4, 132.9,
133.3, 135.6, 139.2, 145.2, 167.7.

4.1.2.15. 5-(3,4-Dichlorobenzyl)-7(8)-methyl -3,5-dihydro-2H-imidazo[ 2,1-a]i soindol-5-ol, 15.

Yield: 39%. Oil. IR (NaCl):vmax 3293, 2926, 1684, 1620, 1442, 1081, 909, 810,cn33 HRMS
(EST") calcd. for GgH17CILN,O [M+H]™: 347.0712, found 347.0707.
5-(3,4-Dichlorobenzyl)-7-methyl-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-0l, 15a *H NMR (200
MHz, CDCh): & 2.38 (s, 3H), 2.89-2.98 (m, 2H), 3.00 (o= 13.8 Hz, 1H), 3.30 (d] = 13.8 Hz,
1H), 4.00 (sa, 1H, BD), 3.96-4.05 (m, 2H), 6.62 (dd= 8.0, 2.2 Hz, 1H), 6.93 (d,= 2.2 Hz, 1H),
7.12 (d,J = 8.0 Hz, 1H), 7.13 (s, 1H), 7.15,(@= 7.8 Hz, 1H), 7.42 (d] = 7.8 Hz, 1H)*C NMR
(50 MHz, CDC¥): 6 19.3, 36.7, 38.9, 40.8, 86.2, 120.1, 120.3, 126247, 127.1, 127.4, 128.2,
129.1, 129.3, 132.8, 140.3, 145.0, 165.0.
5-(3,4-Dichlorobenzyl)-8-methyl-3,5-dihydro-2H-imidazo[ 2,1-aJisoindol-5-0l, 15b. *"H NMR (200
MHz, CDCk): & 2.34 (s, 3H), 2.98-2.89 (m, 2H), 3.00 (d= 13.8 Hz, 1H), 3.30 (d] = 13.8 Hz,
1H), 4.00 (sa, 1H, BD), 3.96-4.05 (m, 2H), 6.62 (dd= 8.0, 2.2 Hz, 1H), 6.93 (d,= 2.2 Hz, 1H),



7.12 (d,J = 8.0 Hz, 1H), 7.17 (d] = 7.8 Hz, 1H), 7.27 (d] = 7.8 Hz, 1H), 7.35 (s, 1H¥°C NMR
(50 MHz, CDC}): & 18.7, 36.7, 38.9, 40.8, 86.3, 119.4, 120.7, 12526,6, 127.1, 128.2, 129.0,
129.3, 130.3, 132.8, 136.7, 141.8, 165.0.

4.1.2.16. 5-(3,4-Methylendioxybenzyl )-7(8)-methyl - 3,5-di hydr o-2H-imidazo[ 2,1-alisoindol-5-0l, 16.
Yield: 39%. OIil. IR (NaCl)vmax 3356, 2923, 1683, 1620, 1493, 1247, 1039, 909 ,cri31 HRMS
(ESI") calcd. for GoH1gN,03 [M+H]": 323.1396, found 323.1390.
5-(3,4-Methylendioxybenzyl)-7-methyl-3,5-dihydr 0-2H-imidazo[ 2,1-aJisoindol-5-0l, 16a *H NMR
(200 MHz, CDC4): & 2.43 (s, 3H), 2.93-3.10 (m, 2H), 3.13 {d= 14.0 Hz, 1H), 3.33 (d = 14.0
Hz, 1H), 4.02-4.11 (m, 2H), 3.72 (sa, 1H@), 5.83 (s, 2H), 6.27 (d,= 2.2 Hz, 1H), 6.32 (dd] =
8.1, 2.2 Hz, 1H), 6.52 (dl = 8.1Hz, 1H), 7.30 (bs, 1H), 7.25 @= 7.5 Hz, 1H), 7.48 (dJ = 7.5
Hz, 1H).*C NMR (50 MHz, CDCJ):  22.0, 39.6, 41.6, 43.8, 89.7, 100.8, 107.7, 11022.7,
122.9, 123.2, 128.7, 129.9, 130.9, 142.7, 146.3,114148.1, 167.8.

5-(3,4-Methylendi oxybenzyl)-8-methyl-3,5-dihydr o-2H-imidazo[ 2,1-ajisoindol-5-0l, 16b. *H NMR
(200 MHz, CDCY): 8 2.37 (s, 3H), 3.10-2.93 (m, 2H), 3.13 {d= 14.0 Hz, 1H), 3.33 (d = 14.0
Hz, 1H), 4.02-4.11 (m, 2H), 3.72 (bs, 1H:@), 5.83 (s, 2H), 6.27 (d,= 2.2 Hz, 1H), 6.32 (dd] =
8.1, 2.2 Hz, 1H), 6.52 (d = 8.1 Hz, 1H), 7.18 (d] = 7.5 Hz, 1H), 7.22 (d] = 7.5 Hz, 1H), 7.41
(bs, 1H).2*C NMR (50 MHz, CDCJ): d 21.4, 39.6, 41.6, 43.8, 89.6, 100.8, 107.7, 11022.2,
123.2, 128.3, 129.9, 130.9, 132.8, 139.0, 144.9,114148.1, 167.8.

4.1.2.17. 5-(3,4-Dimethoxybenzyl )-7(8)-methyl-3,5-di hydr o-2H-imidazo[ 2,1-a]isoindol-5-0l, 17.
Yield: 58%. Oil. IR (NaCl):-vmax 3360, 2932, 1683, 1616, 1515, 1263, 1147, 1028, 881 cni.
HRMS (EST calcd. for GoH2sN2Os [M+H]*: 339.1703, found 339.1683.

5-(3,4-Dimethoxybenzyl )-7-methyl-3,5-dihydr o-2H-imidazo[ 2, 1-aJisoindol-5-ol, 17a *H NMR (200
MHz, CDCh): & 2.44 (s, 3H), 3.03-2.89 (m, 2H), 3.19 (o= 14.0 Hz, 1H), 3.35 (d] = 14.0 Hz,
1H), 3.58 (s, 3H), 3.77 (s, 3H), 4.05-4.14 (m, 261p4 (d,J = 2.2 Hz, 1H), 6.46 (dd] = 8.3, 2.1
Hz, 1H), 6.61 (dJ = 8.3 Hz, 1H), 7.32 (bs, 1H), 7.35 (m, 1H), 7.48) = 7.5 Hz, 1H)C NMR
(50 MHz, CDC}): 21.9, 39.6, 41.7, 43.8, 55.5, 55.7, 89.6, 110.6, 11R2@,2, 122.8, 123.2, 127.5,
128.5, 129.7, 142.5, 147.7, 148.1, 148.3, 167.6.
5-(3,4-Dimethoxybenzyl)-8-methyl-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-0l, 17b. *H NMR (200
MHz, CDCh): & 2.37 (s, 3H), 3.03-2.89 (m, 2H), 3.16 (o= 14.0 Hz, 1H), 3.34 (d] = 14.0 Hz,
1H), 3.58 (s, 3H), 3.77 (s, 3H), 4.05-4.14 (m, 26ip4 (d,J = 2.1 Hz, 1H), 6.45 (dd] = 8.2, 2.1
Hz, 1H), 6.61 (d,) = 8.2 Hz, 1H), 7.19 (bdl = 7.9 Hz, 1H), 7.33 (d] = 7.9 Hz, 1H), 7.40 (bs, 1H),
13C NMR (50 MHz, CDCY): 21.3, 39.6, 41.7, 43.8, 55.5, 55.7, 89.4, 110.6, 11822.2, 122.8,
123.2, 128.6, 129.7, 132.6, 138.9, 145.2, 148.8,314.67.6.



4.1.2.18. 5-(3,4,5-Trimethoxybenzyl)-7(8)-methyl-3,5-dihydro-2H-imidazo[ 2,1-alisoindol-5-ol, 18.
Yield: 50%. OIil. IR (NaCl)vmax 3357, 2928, 1681, 1590, 1457, 1241, 1185, 836,cTi84 HRMS
(EST") calcd. for GiH2sN,0,4 [M+H] ™ 369.1809, found 369.1789.
5-(3,4,5-Trimethoxybenzyl)-7-methyl-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-0l, 18a *H NMR
(200 MHz, CDC4): & 2.40 (s, 3H), 2.80-3.07 (m, 2H), 3.13 {d= 14.0 Hz, 1H), 3.32 (dl = 14.0
Hz, 1H), 3.59 (s, 6H), 3.72 (s, 3H), 3.98-4.10 @Hl), 6.01 (s, 2H), 7.33 (d,= 7.5 Hz, 1H), 7.38
(bs, 1H), 7.46 (dJ = 7.5 Hz, 1H)*C NMR (50 MHz, CDCY): 8 21.9, 39.4, 41.7, 44.6, 55.9 (2C),
60.8, 89.3, 107.1 (2C), 122.2, 128.5, 129.7 (2G8).2, 136.7, 142.6, 148.4, 152.5 (2C), 167.7.
5-(3,4,5-Trimethoxybenzyl )-8-methyl-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-0l, 18b. 'H NMR
(200 MHz, CDC4): 8 2.35 (s, 3H), 2.80-3.07 (m, 2H), 3.13 {d= 14.0 Hz, 1H), 3.11 (d = 14.0
Hz, 1H), 3.59 (s, 6H), 3.72 (s, 3H), 3.98-4.10 @H), 6.01 (s, 2H), 7.16 (bd,= 7.9 Hz, 1H), 7.36
(d,J = 7.9 Hz 1H), 7.38 (bs, 1H}*C NMR (50 MHz, CDCJ): 4 21.3, 39.4, 41.7, 44.6, 55.9 (2C),
60.8, 89.2, 107.1 (2C), 122.8, 123.3, 130.7, 13132,6, 136.7, 139.1, 145.3, 152.5 (2C), 167.7.

4.1.2.19. 7(8)-Methyl-5-(naphthal en-1-yl methyl)-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol -5-0l, 19.

Yield: 96%. Oil. IR (NaCl):vmax 3294, 2927, 1685, 1620, 1455, 1396, 1273, 1082, a8,
HRMS (EST) calcd. for GoH21N»O [M+H]™: 329.1648, found 329.1654.
7-Methyl-5-(naphthalen-1-ylmethyl)-3,5-dihydro-2H-imidazo[ 2,1-ajisoindol-5-0l, 19a 'H NMR
(200 MHz, CDC}): & 2.33 (s, 3H), 2.84 (m, 2H), 3.61 @@= 13.8 Hz, 1H), 3.79 (d] = 13.8 Hz,
1H), 3.58-3.89 (m, 2H), 6.96 (m, 2H), 7.30 (s, 1AB8 (M, 2H), 7.49 (d] = 7.9 Hz, 1H), 7.71 (d,

J = 7.9 Hz, 1H), 7.77 (m, 1H), 7.79 (m, 1H), 7.93, (). *C NMR (50 MHz, CDC)): & 21.7,
39.0, 41.1, 42.0, 89.0, 122.8, 123.4, 124 .4, 1282%,4, 125.6, 127.6, 127.8, 128.6, 128.9, 129.6,
132.6, 132.9, 133.7, 142.5, 149.0, 167.8.

8-Methyl-5-(naphthal en-1-ylmethyl)-3,5-dihydro-2H-imidazo[ 2,1-aJisoindol-5-0l, 19b. 'H NMR
(200 MHz, CDC}): 8 2.21 (s, 3H), 2.84 (m, 2H), 3.61 @@= 13.8 Hz, 1H), 3.79 (d] = 13.8 Hz,
1H), 3.58-3.89 (m, 2H), 6.96 (m, 2H), 7.27 Jd= 7.0 Hz, 1H), 7.36 (d] = 7.0 Hz, 1H), 7.38 (m,
2H), 7.55 (s, 1H), 7.77 (m, 1H), 7.79 (m, 1H), 7(®8 1H).**C NMR (50 MHz, CDC}): & 21.3,
39.0, 41.1, 42.0, 89.0, 122.5, 123.4, 124 .4, 12B2%,4, 125.6, 127.6, 127.8, 128.6, 129.6, 132.0,
132.6, 132.9, 133.7, 138.9, 146.2, 167.8.

4.1.2.20. 7(8)-Methyl-5-(naphthal en-2-yl methyl)-3,5-dihydr o-2H-imidazo[ 2, 1-a]isoindol -5-ol, 20.
Yield: 96%. Oil. IR (NaCl)vmax 3290, 2926, 1684, 1618, 1396, 1078, 825, 779,crd2 HRMS
(EST") calcd. for GoH21N,0 [M+H]™: 329.1654, found 329.1655.



7-Methyl-5-(naphthal en-2-ylmethyl)-3,5-dihydro-2H-imidazo[ 2,1-aJisoindol-5-0l, 20a 'H NMR
(200 MHz, CDC}): 8 2.32 (s, 3H), 3.09-3.21 (m, 2H), 3.28 (&= 13.5 Hz, 1H), 3.52 (d] = 13.5
Hz, 1H), 3.93-4.00 (m, 2H), 4.28 (s, 1H, M), 7.31 (s, 1H), 7.48 (d,= 8.0 Hz, 1H), 7.55-6.98 (m,
7H), 7.70 (d,J = 8.0 Hz, 1H).X*C NMR (50 MHz, CDCJ): 5 22.0, 39.8, 41.6, 44.4, 89.8, 122.7,
125.6, 125.9, 127.4, 127.6, 128.3, 129.0, 129.9.(013130.9, 131.0, 132.8 (2C), 133.1, 142.6,
148.1, 167.8.

8-Methyl-5-(naphthal en-2-ylmethyl)-3,5-dihydro-2H-imidazo[ 2,1-alisoindol-5-0l, 20b. H NMR
(200 MHz, CDCY): 8 2.26 (s, 3H), 2.77-2.82 (m, 2H), 3.24 = 13.5 Hz, 1H), 3.52 (d] = 13.5
Hz, 1H), 3.93-4.00 (m, 2H), 7.29 (= 8.0 Hz, 1H), 7.38 (d] = 8.0 Hz, 1H), 7.52 (s, 1H), 7.55-
6.98 (m, 7H).**C NMR (50 MHz, CDGCJ): & 21.3, 39.8, 41.6, 44.4, 89.7, 122.4, 123.1, 125.6,
127.4, 127.6, 128.3, 129.0, 129.9, 130.9, 131.9,31332.8 (2C), 133.1, 139.0, 144.9, 167.8.

4.1.2.21. 5-(4-Chlorobenzyl)-6(9)-nitro-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol -5-0l, 21.

Yield: 60%. Oil. IR (NaCl)vmax 3422, 2927, 1701, 1622, 1537, 1358, 1080, 1015, 825 cn.
HRMS (EST) calcd. for G;H1sCIN3O3 [M+H] *: 344.0796, found 344.0790.

5-(4-Chlorobenzyl )-6-nitro-3,5-dihydro-2H-imidazo[ 2,1-ajisoindol-5-0l, 21a

H NMR (400 MHz, CDCJ): & 3.31-3.50 (m, 2H), 3.33 (d,= 14.0 Hz, 1H), 3.41 (d] = 14.0 Hz,
1H), 3.93-4.12 (m, 2H), 6.62 (d,= 8.0 Hz, 2H), 7.06 (d] = 8.0 Hz, 2H), 7.52 (dd} = 8.0, 7.9 Hz,
1H), 7.61 (d,J = 7.9, 1H), 8.10 (dJ = 8.0 Hz, 1H).*C NMR (100 MHz, CDGJ): & 38.9, 41.1,
42.7,92.1, 123.8, 126.9, 127.7, 128.4 (4C), 13132,6, 134.2, 140.0, 149.6, 164.8.
5-(4-Chlorobenzyl )-9-nitro-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-0l, 21b.

'H NMR (400 MHz, CDCJ): 8 3.07-3.10 (m, 2H), 3.33 (d,= 14.0 Hz, 1H), 3.41 (d] = 14.0 Hz,
1H), 3.93-4.12 (m, 2H), 6.78 (d,= 7.6 Hz, 2H), 6.92 (d] = 7.6 Hz, 2H), 7.36 (d] = 7.2, Hz, 1H),
7.46 (dd,J = 7.2, 7.3, 1H), 7.71 (dl = 7.3 Hz, 1H).**C NMR (100 MHz, CDGJ): & 38.8, 40.3,
41.1, 89.6, 122.6, 123.8, 128.4 (4C), 130.6, 13132,9, 133.2, 144.7, 145.5, 163.1.

4.1.2.22. 5-(4-Chlorobenzyl)-7(8)-(hydr oxymethyl)-3,5-di hydr o-2H-imidazo[ 2,1-a] isoindol-5-0l, 22.
Yield: 87%. Oil. IR (NaCl):vmax 3368, 2925, 1677, 1620, 1422, 1285, 1210, 1015, 812, 720
cm*. HRMS(EST) calcd. for GgH1sCIN,O, [M+H] *: 329.1051, found 329.1041.
5-(4-Chlorobenzyl)-7-(hydroxymethyl )-3,5-dihydr o-2H-imidazo[ 2,1-a] isoindol-5-0l, 22a 'H NMR
(400 MHz, CDC}): 8 2.89-3.13 (m, 2H), 3.14 (d,= 14.0 Hz, 1H), 3.29 (d} = 14.0 Hz, 1H), 3.89-
4.10 (m, 2H), 4.57 (s, 2H), 6.99 (@@= 8.4 Hz, 2H), 7.01 (d] = 8.4 Hz, 2H), 7.19 (d] = 8.0 Hz,
1H), 7.28 (s, 1H), 7.40 (d,= 8.0 Hz, 1H)C NMR (100 MHz, CDG)): & 39.2, 41.2, 42.7, 63.5,
89.3, 119.7, 122.4, 126.8, 127.5 (2C), 130.2, 1,388.6 (2C), 132.8, 142.4, 146.7, 167.2.



5-(4-Chlorobenzyl)-8-(hydroxymethyl)-3,5-dihydro-2H-imidazo[ 2,1-a] isoindol-5-0l, 22b. *H NMR
(400 MHz, CDC}): 8 2.79-3.35 (m, 2H), 3.14 (d,= 14.0 Hz, 1H), 3.29 (d} = 14.0 Hz, 1H), 3.85-
4.10 (m, 2H), 4.49 (s, 2H), 6.73 (@= 8.4 Hz, 2H), 6.68 (dJ = 8.4 Hz, 2H), 7.16 (d] = 8.0 Hz,
2H), 7.33 (s, 1H), 7.34 (d,= 8.0 Hz, 1H)*C NMR (100 MHz, CDGCJ): 8 39.1, 41.2, 42.6, 63.4,
89.2,120.6, 121.8, 127.5 (2C), 130.1, 132.1, 180, 132.8, 145.6 (2C), 167.1.

4.1.2.23. 5-(4-Chlorobenzyl)-5-hydroxy-3,5-dihydr o-2H-imidazo[ 2,1-a]isoindol e-7(8)-

carbaldehyde, 23.

Yield: 79%. Oil. IR (NaCl):vmax 3296, 2928, 1704, 1682, 1620, 1347, 1088, 815, 732 cn".
HRMS (EST) calcd. for GgH16CIN,O> [M+H]*: 327.0900, found 327.0907.
5-(4-Chlorobenzyl)-5-hydroxy-3,5-dihydr o-2H-imidazo[ 2,1-aJisoindole-7-carbaldehyde, 23a H
NMR (200 MHz, CDC}): 8 3.12 (d,J = 14.0 Hz, 1H), 3.33-2.80 (m, 2H), 3.39 {¢s 14.0 Hz, 1H),
4.15-3.96 (m, 2H), 6.86 (d,= 8.4 Hz, 2H), 7.14 (d] = 8.4 Hz, 2H), 7.29 (d] = 7.9 Hz, 1H), 7.31
(s, 1H), 7.51 (dJ = 7.9 Hz, 1H), 10.10 (s, 1H}°C NMR (50 MHz, CDCJ): & 39.7, 40.9, 43.5,
90.0, 128.1 (2C), 128.9, 129.6, 130.0, 130.9, 182, 131.7, 133.4, 139.7, 143.8, 168.0, 190.8.

5-(4-Chlor obenzyl)-5-hydr oxy-3,5-dihydro-2H-imidazo[ 2, 1-a]isoindole-8-carbaldehyde, 23b. *H
NMR (200 MHz, CDC}): 8 3.12 (d,J = 14.0 Hz, 1H), 3.33-2.80 (m, 2H), 3.39 {¢s 14.0 Hz, 1H),
4.15-3.96 (m, 2H), 6.88 (d,= 8.4 Hz, 2H), 7.16 (d] = 8.4 Hz, 2H), 7.17 (s, 1H), 7.19 @= 8.1
Hz, 1H), 7.58 (dJ = 8.1 Hz, 1H), 10.17 (s, 1H}°C NMR (50 MHz, CDCY): & 39.7, 40.9, 43.5,
90.0, 128.1 (2C), 128.6, 128.9, 130.9, 131.2 (28)..7, 132.0, 133.4, 139.6, 143.5, 168.0, 190.6.

4.1.2.24. 5-(4-Chlorobenzyl)-7(8)-nitro-3,5-dihydro-2H-imidazo[ 2, 1-a]isoindol -5-0l, 24.

Yield: 85%. Oil. IR (NaCl):vmax 3360, 2925, 1699, 1533, 1430,1348, 1235 1112,,1988, 813,
723 cm'. HRMS (EST) calcd. for G;H1sCIN3Os [M+H]*: 344.0796, found 344.0788.
5-(4-Chlorobenzyl)-7-nitro-3,5-dihydro-2H-imidazo[ 2, 1-aJisoindol-5-0l, 24a *H NMR (400 MHz,
CDCl): & 2.92-3.13 (m, 2H), 3.27 (d,= 14.1 Hz, 1H), 3.41 (d] = 14.1 Hz, 1H), 4.08-4.21 (m,
2H), 6.82 (d,J = 8.0 Hz, 2H), 7.09 (d] = 8.0 Hz, 2H), 7.72 (d] = 8.2 Hz, 1H), 8.26 (bs, 1H), 8.36
(d, J = 8.2 Hz, 1H).13C NMR (100 MHz, CDd): 6 38.9, 42.0, 43.6, 89.1, 117.9, 124.1, 128.3
(2C), 127.0, 128.4, 131.1 (2C), 132.2, 133.1, 14148.0, 165.2.
5-(4-Chlorobenzyl)-8-nitro-3,5-dihydr o-2H-imidazo[ 2, 1-ajisoindol-5-0l, 24b. *H NMR (400 MHz,
CDCl): 8 2.92-3.13 (m, 2H), 3.26 (d,= 14.1 Hz, 1H), 3.41 (d] = 14.1 Hz, 1H), 4.08-4.21 (m,
2H), 6.78 (d,J = 7.9 Hz, 2H), 7.07 (d] = 7.9 Hz, 2H), 7.49 (d] = 8.2 Hz, 1H), 8.24 (d] = 8.2 Hz,
1H), 8.41 (bs, 1H)™C NMR (100 MHz, CDGJ): & 38.9, 41.8, 43.6, 89.0, 118.6, 123.6, 124.6,
128.3 (2C), 128.4, 131.1 (2C), 132.2, 132.6, 14156.2, 165.2.



4.1.2.25. 6,9-Dichloro-5-(2-chlorobenzyl)-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-ol, 25.

Yield: 92%. QOil. IR (NaCl)vmax 3196, 2925, 1687, 1612, 1396, 1235, 1088, 895 ch86 HRMS
(EST calcd. for GsH14ClsN,O [M+H]*: 367.0166, found 367.0168H NMR (400 MHz, CDGJ):

5 2.82-3.13 (m, 2H), 3.63 (d,= 14.4 Hz, 1H), 3.78 (d] = 14.4 Hz, 1H), 3.93-3.98 (m, 2H), 4.24
(bs, 1H, DO), 6.76 (ddJ = 7.2, 1.2, 1H), 6.87 (ddd,= 8.0, 7.2, 1.6, 1H), 6.98 (ddd= 8.4, 8.0,
1.2, 1H), 7.16 (ddJ = 8.4, 1.6, 1H), 7.21 (dl = 8.4 Hz, 1H), 7.37 (d] = 8.4 Hz, 1H)**C NMR
(100 MHz, CDC}): 8 37.9, 38.3, 42.3, 88.6, 126.3, 128.0, 128.4, 1288.3, 129.7, 131.4, 132.0,
132.4,133.9, 134.7, 146.2, 163.8.

4.1.2.26. 6,9-Dichloro-5-(4-chlorobenzyl)-3,5-dihydr o-2H-imidazo[ 2,1-a]isoindol-5-0l, 26.

Yield: 91%. Oil. IR (NaCl)vmax 3234, 2930, 1685, 1598, 1376, 1225, 1093, 815ci82 HRMS
(EST) calcd. for GH14ClaN2O [M+H]*: 367.0172, found 367.01734 NMR (400 MHz, CDG)):

5 2.96-3.05 (m, 2H), 3.21 (d,= 14.0 Hz, 1H), 3.76 (d] = 14.0 Hz, 1H), 4.04-4.08 (m, 2H), 4.32
(bs, 1H, DO), 6.70 (d,) = 8.8 Hz, 2H), 6.97 (d] = 8.8 Hz, 2H), 7.33 (d] = 8.8 Hz, 2H), 7.36 (d]

= 8.8 Hz, 1H), 7.43 (dJ = 7.9 Hz, 1H)."*C NMR (100 MHz, CDGCJ): & 38.4, 40.1, 41.4, 89.1,
127.6, 128.4 (2C), 129.4, 130.4 (2C), 132.1, 13132,9, 133.9, 145.2, 164.1.

4.1.2.27. 6,9-Dichloro-5-(4-methyl sulfanyl benzyl)- 3,5-di hydr o-2H-imidazo[ 2,1-a]isoindol-5-0l, 27.
Yield: 95%. Oil. IR (NaCl)vmax 3367, 2923, 1700, 1594, 1459, 1161, 1089, 822 ci34 HRMS
(ESI") calcd. for GgH17ClLN,0OS [M+H]": 379.0433, found 379.0413H NMR (400 MHz, CDCY):

5 2.34 (s, 3H), 2.97-3.05 (m, 2H), 3.24 (0= 14.0 Hz, 1H), 3.80 (d] = 14.0 Hz, 1H), 4.07-4.12
(m, 2H), 6.73 (dJ = 8.0 Hz, 2H), 6.91 (d] = 8.0 Hz, 2H), 7.19 (d] = 8.4 Hz, 1H), 7.34 (d] = 8.0
Hz, 1H).**C NMR (100 MHz, CDGJ): & 15.1, 38.4, 40.2, 41.5, 89.2, 126.2 (2C), 1276)(2
128.8, 129.3, 129.5, 131.0, 131.9, 133.8, 137.8,514.64.1.

4.1.2.28. 7,8-Dichloro-5-(4-chlorobenzyl)-3,5-dihydr o-2H-imidazo[ 2,1-alisoindol-5-0l, 28.

Yield: 55%. Oil. IR (NaCl):vmax 3297, 2929, 1693, 1604, 1406, 1297, 1088, 895, 832 cni-
HRMS (ESI) calcd. for GH14ClsN,O [M+H]*: 367.0172, found 367.01434 NMR (200 MHz,
CDCly): 8 2.83-3.09 (m, 2H), 3.09 (d, = 14.0 Hz, 1H), 3.31 (d] = 14.0 Hz, 1H), 3.99-4.06 (m,
2H), 4.33 (bs, 1H, BD), 6.78 (d,J = 8.2 Hz, 2H), 7.07 (dJ = 8.2 Hz, 2H), 7.39 (s, 1H), 7.58 (s,
1H). *C NMR (50 MHz, CDCJ): & 39.0, 41.9, 43.7, 88.8, 124.7, 125.0, 128.4 (4G).5, 131.3
(2C), 132.9, 133.1, 133.7, 136.5, 147.0, 165.4.

4.1.2.29. 7,8-Dichloro-5-(4-methyl sulfanyl benzyl)- 3,5-di hydr o-2H-imidazo[ 2,1-ali soindol-5-0l, 29.
Yield: 92%. Oil. IR (NaCl):vmax 3296, 2924, 1692, 1604, 1406, 1298, 1087, 896, 832 cn".
HRMS (EST") calcd. for GgH17ClLN,OS [M+H]": 379.0433, found 379.040%4 NMR (200 MHz,



CDCl): 5 2.38 (s, 3H), 2.85-3.25 (m, 2H), 3.08 (d= 14.0 Hz, 1H), 3.31 (d] = 14.0 Hz, 1H),
4.02-4.16 (m, 2H), 4.18 (bs, 1H,0), 6.76 (dJ = 7.5 Hz, 2H), 6.99 (d] = 7.5 Hz, 2H), 7.44 (s,
1H), 7.61 (s, 1H)*C NMR (50 MHz, CDCJ): & 15.6, 39.3, 42.0, 43.7, 89.1, 124.8 (2C), 126.1
(2C), 130.4 (2C), 130.6, 131.0, 133.4, 136.2, 13747.1, 165.4.

4.1.2.30. 5-(3,4-Dichlorobenzyl)-6(9)-nitro-3,5-dihydro-2H-imidazo[ 2,1-a]i soindol-5-al, 30.

Yield: 89%. Oil. IR (NaCl):vmax 3427, 2926, 1701, 1537, 1471, 1356, 1090, 823, 789 cn.
HRMS (ESI") calcd. for G7H14CloN3sOs [M+H]*: 378.0407, found 378.0407.
5-(3,4-Dichlorobenzyl)-6-nitro-3,5-dihydro-2H-imidazo[ 2,1-alisoindol -5-ol, 30a

H NMR (400 MHz, CDCJ): & 2.86-3.03 (m, 2H), 3.29 (d,= 14.0 Hz, 1H), 3.92 (d] = 14.0 Hz,
1H), 4.06-4.10 (m, 2H), 6.57 (d,= 8.0 Hz, 1H), 6.84 (s, 1H), 7.05 @= 8.0 Hz, 1H), 7.52 (dd
=7.6, 8.0 Hz, 1H), 7.88 (d,= 7.6 Hz, 1H), 8.13 (d] = 8.0 Hz, 1H)!*C NMR (100 MHz, CDG):
039.3,42.4,425,91.8, 127.2, 128.4, 129.0, 1318&.2, 131.8, 132.0, 132.7, 134.8, 135.7, 140.9,
145.4, 165.1.

5-(3,4-Dichlorobenzyl)-9-nitro-3,5-dihydro-2H-imidazo[ 2,1-alisoindol-5-ol, 30b.

'H NMR (400 MHz, CDCY): & 2.86-3.03 (m, 2H), 3.29 (d, = 14.0 Hz, 1H), 4.06-4.10 (m, 2H),
4.16 (d,J = 14.0 Hz, 1H), 6.65 (dl = 8.0 Hz, 1H), 7.07 (s, 1H), 7.25,@= 8.0 Hz, 1H), 7.41 (d]

= 7.6 Hz, 1H), 7.60 (dd) = 7.6, 7.7 Hz, 1H), 7.67 (d = 7.7 Hz, 1H).”*C NMR (100 MHz,
CDCl3): 0 39.4, 42.5, 44.2, 88.7, 123.1, 124.3, 127.2, 13031.7, 132.7, 132.8, 133.5, 134.7,
135.5, 146.4, 150.8, 163.0.

4.1.2.31. 5-(3,4-Dichlorobenzyl)-7(8)-nitro-3,5-dihydro-2H-imidazo[ 2,1-a]isoindol-5-ol, 31.

Yield: 91%. Oil; IR (NaCl):vmax 3427, 2925, 1698, 1533, 1472, 1348, 1031, 902, 828 cn".
HRMS (ESI") calcd. for G7H14CloN3sOs [M+H]*: 378.0407, found 378.0407.
5-(3,4-Dichlorobenzyl)-7-nitro-3,5-dihydro-2H-imidazo[ 2,1-alisoindol-5-0l, 31a 'H NMR (400
MHz, CDCh): & 2.84-2.90 (m, 2H), 3.15 (d,= 14.0 Hz, 1H), 3.35 (d] = 14.0 Hz, 1H), 4.05-4.16
(m, 2H), 4.47 (s, 1H, D), 6.46 (d,J = 2.0, 1H), 6.63 (ddJ = 8.0, 2.0, 1H), 7.14 (d} = 8.0 Hz,
1H), 7.68 (ddJ = 8.4, 1.6 Hz, 1H), 8.14 (d, = 1.6 Hz, 1H), 8.30 (d] = 8.4 Hz, 1H)*°C NMR
(100 MHz, CDC}): 6 39.0, 41.9, 43.4, 88.8, 117.9, 124.7, 127.1, 129890.1, 131.3, 131.8, 132.1,
132.2,134.7, 135.8, 150.2, 165.1.

5-(3,4-Dichlorobenzyl)-8-nitro-3,5-dihydro-2H-imidazo[ 2,1-alisoindol-5-0l, 31b. 'H NMR (400
MHz, CDCh): & 2.84-2.90 (m, 2H), 3.15 (d,= 14.0 Hz, 1H), 3.35 (d] = 14.0 Hz, 1H), 4.05-4.16
(m, 2H), 4.47 (s, 1H, §D), 6.67 (ddJ = 8.0, 1.6, 1H), 7.01 (dl = 1.6, 1H), 7.15 (dJ = 8.0 Hz,
1H), 7.39 (dJ = 8.4 Hz, 1H), 8.19 (dd] = 8.4, 2.0 Hz, 1H), 8.34 (d, = 2.0 Hz, 1H)*C NMR
(100 MHz, CDC}): 6 39.0, 42.1, 43.4, 88.8, 118.7, 123.7, 124.8, 12289.1, 131.3, 131.9, 132.1,



132.2,134.6, 148.8, 153.0, 165.0.

4.2. Biological evaluation
4.2.1. Chemicals and drugs

Amphotericin B (AmB), 3-(4,5-dimethylthiazol-2-yD;5-diphenyltetrazolium bromide (MTT) and
phorbol-12-myristate-13-acetate (PMA), were pureldagom Sigma Aldrich (St. Louis, MO). L-
glutamine, and penicillin/streptomycin antibioticese obtained from Gibco. Hygromycin B was

purchased from Invitrogen (Carlsbad, CA).

4.2.2.Cdl lines culture and cytotoxicity assay

Human myelomonocytic THP-1 cells were grown in RPIMH0 supplemented with 10% heat-
inactivated fetal bovine serum (hiFBS), 2 mM glutiae 100 U/mL penicillin and 100 mg/mL
streptomycin at 37 °C and 5% GOTHP-1 cells (3 x 1Dcells per well in 96-well plates) were
differentiated to macrophages by treatment with P{d@ ng/mL, 48h), followed by 24 h of culture
in fresh medium [43]. MRC5-SV2 cell line (SV40-tedormed human lung fibroblast cell line) was
cultured in DMEM medium supplemented with 10% hiFB80 U/mL penicillin and 100 mg/mL
streptomycin at 37 °C and 5% g @ellular toxicity of all compounds on THP-1 andRKa-5 cells
was determined using the colorimetric MTT-basedyasster incubation at 37 °C for 72 h in
presence of increasing concentrations of compo[#8]sTo this end, cells were incubated with the
corresponding concentration of compounds for 72 B7a°C. Afterwards, MTT reduction assay
was carried out. Results were expressed ag @ues (cytotoxicity concentration 50%, (Table 1),
the concentration needed to reduce proliferatiapeet to untreated control cells. Assays were

performed in three independent experiments domepiicate.

4.2.3.Leishmania culture and susceptibility assay

Leishmania donovani MHOM/ET/67/HU3 line with luciferase gene integrtéento the parasite
genome [44] were grown at 28 °C in RPMI 1640-meadifmedium (Invitrogen) supplemented with
20% hiFBS (Invitrogen) with 100 mg/ml of hygromycB. The 3-Luc strain olL. donovani
parasites, expressing a cytoplasmic form of luagerdue to a mutation in its C-terminal tripeptide,
was grown as above. The susceptibility of intradeflL. donovani amastigotes, as the clinical
relevant forms of these parasites, to synthesioatpounds was determined using the Luciferase
Assay System Kit (Promega, Madison, Wis.) as prestipdescribed [45]. The luminescence output
is indicative of the intracellular parasite growriefly, macrophage-differentiated THP-1 cells



were infected at a macrophage/parasite ratio d¥ tith stationaryL. donovani promastigotes for
24 h at 35 °C and 5% GOThe non-phagocytized extracellular parasites wemeved by washing
with PBS (PBS: 130 mM NaCl, 1.2 mM KAQO,, 8.1 mM NaHPQ,, 2.6 mM KCI, pH 7.0).
Infected cell cultures were then incubated withrdogge of compound concentrations (from 0.62 to
40uM) at 37 °C for 72 h. Luminescence intensity wasasured as indicative of the intracellular
parasite growth after lysis with 0.1% Triton X-1@@h an Infinite F200 microplate reader (Tecan
Austria GmbH, Austria), according to the instruoBoprovided by the supplier. The &C
(concentration of compounds that reduce 50% thbilitia compared to untreated control cells)
values were determined and compared with that foBAas the reference drug. Selectivity indexes
[S1] were calculated by dividing the G§&values for the host cells THP-1 of a given compubh

its respective E for intracellular amastigotes. Assays were perganin three independent
experiments, and samples were done in triplicat®BAvas used as standard anti-leishmanial

agent. Assays were performed in three independgetrienents done in triplicate.

Most potent compounds (6= 1-3 uM) were also evaluated dn donovani promastigotes. The
viability of L. donovani promastigotes were measured by incubation of tbenastigotes at 20 x
10° cells/mL in RPMI 1640 medium, devoid of hiFBS arttepol red (RPMI 1640- @red), for 4 h
at 26 °C. Afterwards, MTT was added (0.5 mg/mL [financentration), and its reduction by
mitochondrial dehydrogenases allowed to procee@ torand the formazan precipitated solubilized
by addition of 0.5% SDS final concentration. Absorbe was read at 595 nm in a Bio-Rad 680
Microplate Reader at 595 nm. Under these condititims MTT reduction measured the loss of
viability of the parasites rather than the inhinitiof proliferation [46]. Experiments were repeated
at least twice. Samples were made by triplicate I&@3gl (half-maximal inhibitory concentrations),
the concentration of imidazoisoindolol that inhgait MTT reduction by 50%, was taken as a
parameter for the loss of parasite viability. Thechranism of action for the most potent compounds
4,7, 10, 26, 29and31 was also analysed on promastigote forms.

4.2.4.Variation of bioenergetic parameters of L. donovanipromastigotes by the imidazoisoindol ol

derivatives

The modification of intracellular levels of ATP itiving L. donovani parasites by the
imidazoisoindolols were monitored using promasegobf thelL. donovani 3-luc strain. These
promastigotes express a cytoplasmic form of luagerinserted in the genome using a pLEXSY
expression vector. The luminescence of these pesasi the presence of the caged luciferase
substrate DMNPE-D-luciferin (D-Luciferin, 1-(4,5rdethoxy-2-nitrophenyl)ethyl ester), is only
limited by the concentration of intracellular AT®7]. Promastigotes of the 3-Luc strain (20 ¥ 10



cells/mL) were resuspended in RPMI 1640- @red nmadiu the presence of 5tM of DMNPE-
luciferin; when a stable luminescence readout veaxhed, the compound at the corresponding
concentration was added, and the luminescence ameditin a Thermoskan microplate reader
(Thermo). Parasites with the respiratory chainbiiad by 1.5uM 1,4-naphthoquinone were used
as a control. The long term variation of intracelfuATP due to the imidazoisoindolols were
measured by incubation of the parasites underimmonditions, except for the incubation time (4
h), and the fact that DMNPE-luciferin was addedhat end of the incubation. The luminescence
was recorded for 10 min after DMNPE-luciferin adzht In all cases the luminescence was

referred respect to its value in untreated parasite

4.2.5. Determination of the electrochemical potential of mitochondrion of L. donovanilines after

treatment with imidazoi soindolol derivatives

Variation in the electrochemical potential of mhoadrion A¥m) was monitored by the
intracellular accumulation of the probe Rh123 (hhesFisher) whose accumulation inside the
mitochondrion was driven by tHe¥m. To this endL.. donovani promastigotes (20 x 2@ells/mL)

in RPMI 1640- @red were first incubated with thenpmund at their respective concentration for 4
h, then, followed by a 10 min incubation with @&/mL Rh123, washed for elimination of the non-
incorporated Rh123, and the intracellular accunmabf the probe measured by flow cytometry in
a Beckmann Coulter FC500 cytofluometer at 488 nmh %20 nm for excitation and emission

wavelengths [46]. Parasites incubated with 10 mM\Kere used as controls.

4.2.6. Determination of plasma membrane permeabilization in L. donovani lines by

imidazoisoindolol derivatives.

Plasma membrane permeabilization induced by thepoands was measured by the increase in
fluorescence of the membrane-impermeable SYTOXrgredéier its intercalation with the
intracellular nucleic acid4.. donovani promastigotes (20 x $@arasites/mL) in RPMI 1640- @red
containing 1uM SYTOX green were incubated with the correspondiogipound. Changes in
fluorescence were followed at 485 nm and 520 nmitatian and emission wavelengths,
respectively in a Thermoskan microplate readerl peimeabilized parasites were obtained by
addition of 0.1 % Triton X-100 [46].

4.2.7.Transmission electron microscopy analysis.



Parasites (2 x facells/mL) in complete growth medium were incubatéth the compoun@®9 at

its 1C;o for 12 h; afterwards, parasites were processedrémrsmission electron microscopy as
described previously [47]. Briefly, parasites wéred with glutaraldehyde, contrasted with QsO
dehydrated under increasing concentrations of E#Dld embedded in Epon 812 epoxy resin

(Tousimis).
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Highlights

1-

Thirty one new imidazo[2,1-a]isoindolol (IIOL) derivatives have been synthesised, purified
and tested in vitro against L. donovani amastigotes.

Twelve I1OL showed ECy, values againgt L. donovani amastigotes between 1.0 and 3.0 UM,
with selectivity indexes ranging from 69.1 to 10.8, with respect to THP-1 cell line. Those
compounds were also tested in vitro against L. donovani promastigotes and showed ECs
values between 2.1 and 13.3 pM.

Compounds 4, 7, 10, 26, 29 and 31 were selected for elucidation of their leishmanicidal
mechanism studies. Compound 29 interfered with the mitochondrial activity of the parasite,
induce an early decrease of intracellular ATP levels, together with a partial destructuration of
the plasma membrane.



